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The Indian subcontinent is a vast repository of medicinal plants that are used in 
traditional medical treatments (Ballabh and Chaurasia, 2007). Many westerners have 
long regarded the Indian systems of medicine as a rich source of knowledge. In India, 
around 20,000 medicinal plants have been recorded however traditional communities 
are using only 7,000 - 7,500 plants for curing different diseases (Kamboj, 2000). Even 
today, majority of the medicines are prepared from the plant and animal products, 
minerals and metals etc. Major pharmaceutical industries depend on the plant 
products for the preparation of Ayurvedic medicines. 
 
Plants, especially used in Ayurveda can provide biologically active molecules and 
lead structures for the development of modified derivatives with enhanced activity 
and /or reduced toxicity. The small fraction of flowering plants that have so far been 
investigated have yielded about 120 therapeutic agents of known structure from about 
90 species of plants. Some of the useful plant drugs include vinblastine, vincristine, 
taxol, podophyllotoxin, camptothecin, digitoxigenin, gitoxigenin, digoxigenin, 
tubocurarine, morphine, codeine, aspirin, atropine, pilocarpine, capscicine, allicin, 
curcumin, artemesinin and ephedrine (Kumar et al., 1997). In some cases, the crude 
extract of medicinal plants may be used as medicaments. On the other hand, the 
isolation and identification of the active principles and elucidation of the mechanism 
of action of a drug is of paramount importance. Hence, work in both mixture of 
traditional medicine and single active compounds are very important.  
 
1.1 PHARMACOGNOSY 
 
The word “pharmacognosy” was coined in the early 19th century to designate the 
discipline related to the study of medicinal plants (Ganzinger, 1982). The science of 
pharmacognosy became aligned with botany and plant chemistry, and until the early 
20
th
 century, dealt mostly with physical description and identification of whole and 
powdered plant drugs including their history, commerce, collection, preparation, and 
storage. Advances in organic chemistry added a new dimension to the description and 
quality control of these drugs, and the discipline has since expanded to include 
discovery of novel chemical therapeutic agents from the natural world (Betz et al., 
2011).  
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Pharmacognosy studies help in identification and authentication of the plant material. 
The process of standardization can be achieved by stepwise pharmacognostic studies 
(Ozarkar, 2005). The standardization of a crude drug is integral part of establishing its 
correct identity. Before any crude drug is included in herbal pharmacopoeia, 
pharmacognostic as well as other standard parameters must be established (Abere et 
al., 2007). Therapeutic efficacies of medicinal plants depend upon the quality and 
quantity of chemical constituents. It has been established that chemical constituents of 
a plant species vary with regard to climate and seasons (Bapodara et al., 2011).  
 
A number of different bases are used for morphological studies and a natural variation 
in these characteristics play an important role for preliminary evaluation of crude 
drugs. The basis of analysis by evaluation of microscopic characters is that there are 
always sufficient differences in the same type or different types of plants as for as the 
cell characteristics are concerned. Standardization profiles of herbal drugs are not 
available for most drugs (Mukherjee, 2002). 
 
The therapeutic activity of herbs is because of various constituents present in them. 
Therapeutic efficacy of medicinal plants depends upon the quality and quantity of 
chemical constituents which may vary depending on various factors, one amongst is 
the geographical localities which show quantitative variation in their chemical 
constituents. In some plants toxic constituents are also present therefore it is essential 
to evaluate their quality, safety and efficacy. Correct identification and quality 
assurance of the starting material is therefore an essential prerequisite to ensure 
reproducible quality of herbal medicine, which contributes to its safety and efficacy 
(Joshi et al., 2004; Chanda et al., 2010).  In most of the cases of herbal medicine, 
misuse starts with wrong identification. Many of the traditional systems have records 
where one common vernacular name is given to two or more entirely different species 
(Dineshkumar, 2007). 
 
Some of the standardization tests for herbal medicines are listed below (WHO, 1992; 
WHO, 1996). 
 
Macro and microscopic examination: For identification of right variety and search 
of adulterants. 
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Foreign organic matter: Remove matter other than source plant to get the drug in 
pure form. 
Ash values: It is criteria to judge the identity and purity of crude drug - Total ash, 
sulfated ash, water soluble ash, acid insoluble ash, etc. 
Moisture content: Checking moisture content helps reduce errors in the estimation of 
the actual weight of drug material. Low moisture content suggests better stability 
against degradation of product. 
Extractive values: These are indicative weights of the extractable chemical 
constituents of crude drug under in different solvents. 
Crude fiber: This helps to determine the woody material component and it is a 
criterion for judging purity. 
Qualitative chemical evaluation: It helps in identification and characterization of 
crude drug with respect to phytochemicals constituent. It employs different analytical 
techniques to detect and isolate the active constituents. Phytochemical screening 
techniques involve botanical identification, extraction with suitable solvents, 
purification and characterization of the active constituents of pharmaceutical 
importance. 
Chromatographic examination: It involves identification of specific chemical 
constituents of crude drugs responsible for a specific activity and can be used as 
markers. 
Quantitative chemical evaluation: To estimate the exact amount of 
phytoconstituents present in the crude drugs. 
Toxicological studies: Pesticide residue, potentially toxic elements, and microbial 
count which may reduce the efficacy of the final product. 
 
1.2 ANTIOXIDANT STUDY 
 
1.2.1 Oxidative stress 
 
Oxidative stress depicts the existence of products called free radicals and reactive 
oxygen species (ROS), which are formed under normal physiological conditions but 
become deleterious when not being eliminated by the endogenous systems. In fact, 
oxidative stress results from an imbalance between the generation of reactive oxygen 
species and endogenous antioxidant systems. ROS are major sources of primary 
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catalysts that initiate oxidation in vivo and in vitro and create oxidative stress which 
results in numerous diseases and disorders (Halliwell, 1994; Rackova et al., 2007; 
Chanda and Dave, 2009). 
 
1.2.2 Causes for oxidative stress 
 
Free radicals formed in the body are due to many environmental and biological 
factors. Environmental factors include exposure to ultraviolet sunlight, X-rays and 
gamma rays, radiation, smoking, pollution, ozone, and certain drugs, chemicals or 
pesticides (Bagchi and Puri, 1998). Biologically produced ROS are a result of 
metabolic reactions where oxygen species are intermediate electron donors/acceptors 
(Ceconi et al., 2003). The production of free radicals is a natural process that can 
occur with or without the aid of enzymes and only becomes a health concern when 
defense mechanisms are not able to neutralize them (Wang et al., 2011). 
 
1.2.3 Antioxidant enzymes  
 
Exposure to free radicals from a variety of sources has led to the evolution of a series 
of defense mechanisms in organisms. Defense mechanisms against free radical-
induced oxidative stress include: (i) preventive mechanisms, (ii) repair mechanisms, 
(iii) physical defenses, and (iv) antioxidant defenses (Cadenas, 1997). Enzymatic 
antioxidant defenses include three primary enzymes, namely superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (Gpx), which are involved in 
direct elimination of ROS, and secondary enzymes, namely glutathione reductase 
(GR), glutathione-S-transferase (GST), glucose-6-phosphate dehydrogenase 
(G6PDH), and ascorbate peroxidase (Apx),which help in the detoxification of ROS by 
decreasing peroxide levels or by maintaining a steady supply of metabolic 
intermediates (glutathione, NADPH) that are necessary for optimum functioning of 
the primary antioxidant enzymes (Singh et al., 2003; Jayakumar et al., 2011). Non-
enzymatic antioxidants are represented by ascorbic acid (vitamin C), α-tocopherol 
(vitamin E), glutathione (GSH), carotenoids, flavonoids, and other antioxidants which 
as a whole, play a homoeostatic or protective role against ROS. 
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1.2.4 Natural sources of antioxidants 
 
The adverse effects of oxidative stress on human health have become a serious issue. 
The World Health Organization (WHO) has estimated that 80 % of the earth‟s 
inhabitants rely on traditional medicine for their primary health care needs, and most 
of this therapy involves the use of plant extracts and their active components 
(Winston, 1999).  Medicinal plants have great antioxidant potential which is due to 
their contents of variable phyto constituents. A large number of experiments have 
been carried out concerning the antioxidant activity of several plant extracts and 
powders. The results of these experiments reveal that, the activity is due to several 
secondary metabolites especially, e.g., phenolic compounds (tannins, flavonoids, 
anthrocyanins, chalcones, xanthones, liganans, depsides, and depsidones), terpenes 
(sesquterpens and diterpines), alkaloids, and organic sulfur compounds (Marzouk et 
al., 2006; Al-Jaber et al., 2011). 
 
1.3 CANCER STUDY 
 
Cancer is a complex disease that is normally associated with a wide range of 
escalating effects both at the molecular and cellular levels. It therefore seems unlikely 
that chemoprevention follows simplistic rules and formulations. The old saying 
"Prevention is always better than cure" is particularly true in the case of cancer 
where a cure, if at all possible, is associated with high cytotoxic loads and/or invasive 
procedures (Bertram, 2001; Amin and Mousa, 2007).    
 
1.3.1 What is cancer? 
 
Cancer is a group of diseases characterized by uncontrolled growth and spread of 
abnormal cells. If the spread is not controlled, it can result in death. Cancer diseases 
are characterized by abnormal proliferation of cells. They constitute the second cause 
of mortality behind cardiovascular diseases in developed countries and the third after 
infectious and cardiovascular diseases in developing countries (Bieche, 2004; 
Mbaveng et al., 2011). Cancer is a major public health problem worldwide with 
millions of new cancer patients diagnosed each year and many deaths resulting from 
this disease (Engel et al., 2011).  
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Cancer is fundamentally a disease of regulation of tissue growth. In order for a normal 
cell to transform into a cancer cell, genes which regulate cell growth and 
differentiation must be altered (Croce, 2008). Genetic changes can occur at many 
levels, from gain or loss of entire chromosomes to a mutation affecting a single DNA 
nucleotide. There are two broad categories of genes which are affected by these 
changes. Oncogenes may be normal genes which are expressed at inappropriately 
high levels, or altered genes which have novel properties. In either case, expression of 
these genes promote the malignant phenotype of cancer cells. Tumor suppressor genes 
are genes which inhibit cell division, survival, or other properties of cancer cells. 
Tumor suppressor genes are often disabled by cancer-promoting genetic changes. 
Typically, changes in many genes are required to transform a normal cell into a 
cancer cell (Knudson, 2001). 
 
1.3.2 What causes cancer? 
 
Cancer is caused by both external factors (tobacco, chemicals, radiation and infectious 
organisms) and internal factors (inherited mutations, hormones, immune conditions 
and mutations that occur from metabolism).  
 
1.3.3 Prevention of cancer 
 
The first FDA approved chemopreventive agent was tamoxifen, for reducing the risk 
of breast cancer. This agent was found to reduce the breast cancer incidence by 50% 
in women at high risk. With tamoxifen, there is an increased risk of serious side 
effects such as uterine cancer, blood clots, ocular disturbances, hypercalcemia, and 
stroke.  The serious side effects of the FDA approved chemopreventive drugs is an 
issue of particular concern when considering long-term administration of a drug to 
healthy people who may or may not develop cancer. This clearly indicates the need 
for agents, which are safe and efficacious in preventing cancer. Diet derived natural 
products will be potential candidates for this purpose (Anand et al., 2008). 
 
Several classes of anticancer drugs have been developed and many of them are of 
natural origin. Natural products have been the mainstay of cancer chemotherapy for 
the past 30 years (Mann, 2002). However, most of the currently used anticancer drugs 
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cause undesirable side effects due to lack of tumor specificity and multidrug 
resistance. Therefore the search for potent, safe and selective anticancer compounds is 
crucial for new drug development in cancer research. Natural products, due to their 
structural diversity, provide excellent templates for the construction of novel 
compounds (Mann, 2002; Chauthe et al., 2012). 
 
It is well established that plants have been a useful source of clinically relevant 
antitumor compounds (Cragg et al., 1994). Plants have long history of use in the 
treatment of cancer. Several studies have been conducted on herbs under a multitude 
of ethnobotanical grounds. For example, Hartwell has collected data on about 3000 
plants, those of which possess anticancer properties are subsequently used as potent 
anticancer drugs (Graham et al., 2000; Shoeb, 2006; Newman and Cragg, 2009). The 
use of plant extracts and derived products in the treatment of cancers is of exceptional 
value in the control of malignancies, due to the fact that most of the anticancer drugs 
severely affect the normal cells. It has been recommended that ethnopharmacological 
usages, such as immune and skin disorders, inflammatory, infectious, parasitic and 
viral diseases be taken into account when selecting plants used to treat cancer, since 
these reflect disease states bearing relevance to cancer or cancer symptoms (Cordell et 
al., 1991; Popoca et al., 1998; Mbaveng et al., 2011). 
 
Plant secondary metabolites and their semi-synthetic derivatives continue to play an 
important role in anticancer drug therapy (Pan et al., 2010). These include vinblastine, 
vincristine, the camptothecin derivatives, topotecan and irinotecan, etoposide, derived 
from epipodophyllotoxin and paclitaxel (taxol). Sixty percent of currently used 
anticancer agents are derived in one way or another from natural sources (Cragg et al., 
2009). In light of the continuing need for effective anticancer agents, and the 
association of fruit and vegetable consumption with reduced cancer risk, edible plants 
are increasingly considered as sources of anticancer drugs (Ferguson et al., 2004; Liu 
et al., 2012). 
 
1.3.4 Plant derived anticancer agents in clinical use  
 
The isolation of the vinca alkaloids, vinblastine and vincristine from the Madagascar 
periwinkle, Catharanthus roseus G. Don. introduced a new era of the use of plant 
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material as anticancer agents. They were the first agents to advance into clinical use 
for the treatment of cancer (Cragg and Newman, 2005). Vinblastine and vincristine 
are primarily used in combination with other cancer chemotherapeutic drugs for the 
treatment of a variety of cancers, including leukemia, lymphomas, advanced testicular 
cancer, breast and lung cancers and Kaposi‟s sarcoma (Cragg and Newman, 2005). 
 
The discovery of paclitaxel (Taxol) from the bark of the Pacific Yew, Taxus brevifolia 
Nutt. is another evidence of the success in natural product drug discovery. Taxus 
baccata was reported to be used in the Indian Ayurvedic medicine for the treatment of 
cancer. The structure of paclitaxel was elucidated in 1971 and was clinically 
introduced to the US market in the early 1990s (Wani et al., 1971; Rowinsky et al., 
1992). Paclitaxel is significantly active against ovarian cancer, advanced breast 
cancer, small and non-small cell lung cancer (Rowinsky et al., 1992). 
 
Camptothecin, isolated from the Chinese ornamental tree Camptotheca acuminate 
Decne, was advanced to clinical trials by NCI in the 1970s but was dropped because 
of severe bladder toxicity (Potmeisel and Pinedo, 1995). Topotecan and irinotecan are 
semi-synthetic derivatives of camptothecin and are used for the treatment of ovarian 
and small cell lung cancer, and colorectal cancer, respectively (Bertino, 1997). 
Epipodophyllotoxin is an isomer of podophyllotoxin, which was isolated as the active 
anti-tumor agent from the roots of Podophyllum species, Podophyllum peltatum 
Linnaeus and Podophyllum emodi Wallich (Stahelin, 1973). Etoposide and teniposide 
are two semi-synthetic derivatives of epipodophyllotoxin and are used in the 
treatment of lymphomas and bronchial and testicular cancers (Harvey, 1999; Cragg 
and Newman, 2005). 
 
Homoharringtonine, isolated from the Chinese tree Cephalotaxus harringtonia var. 
drupacea (Sieb and Zucc.), is another plant-derived agent in clinical use (Itokawa et 
al., 2005). A racemic mixture of harringtonine and homoharringtonine has been used 
successfully in China for the treatment of acute myelogenous leukemia and chronic 
myelogenous leukemia (Kantarjian et al., 1996; Cragg and Newman, 2005). 
Elliptinium, a derivative of ellipticine, isolated from a Fijian medicinal plant 
Bleekeria vitensis A.C. Sm., is marketed in France for the treatment of breast cancer 
(Cragg and Newman, 2005). 
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1.4 TOXICITY STUDY 
 
Plants, vegetables and herbs used as food and in the folk treatment have been 
accepted currently as one of the main source of drug discovery and development, but 
only a few of them have been scientifically investigated, especially about their toxic 
aspects (Pereira et al., 2010). Phytotherapy has never stopped gaining popularity. In 
low and middle income countries, it often represents the main, if not, only therapeutic 
system to which majority of people are referred to for their primary health care 
(WHO, 2007). Its widespread use is further substantiated by the affordability, 
knowledge of medicinal plants and the belief that they are harmless (Springfield et al., 
2005). The increase in number of users as opposed to the scarcity of scientific 
evidences on the safety of the medicinal plants, have raised concerns regarding 
toxicity and detrimental effects of these remedies (Saad et al., 2006; Mukinda and 
Eagles, 2010). 
 
To determine the safety of drugs and plant products for human use, toxicological 
evaluation is carried out in various experimental animals to predict toxicity and to 
provide guidelines for selecting a „safe‟ dose in humans. The highest overall 
concordance of toxicity in animals with humans is with hematological, 
gastrointestinal, and cardiovascular adverse effects (Olson et al., 2000). Acute toxicity 
test gives clues on the range of doses that could be toxic to the animal; it could also be 
used to estimate the therapeutic index (LD50/ED50) of drugs and xenobiotics (Rang et 
al., 2001; Maikai et al., 2008).  
 
1.5 SELECTION OF THE PLANT FOR PRESENT STUDY 
 
When selecting a plant for pharmacological activities, four basics methods are usually 
followed (Suffness and Douros, 1979): 
 
a) Random choice of plant species 
b) Choice based on ethnomedical use 
c) Follow up of existing literature on the use of the species 
d) Chemotaxonomic approaches 
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Comparison of the four methods showed that the choice based on folklore has given 
about 25% more positive leads than other methods. Based on the second and third 
approach, selection of the plant has been made in the present work. In light of the 
above context, Cissus quadrangularis L. stem were selected for the study. 
 
1.6 CISSUS QUADRANGULARIS L. 
 
Cissus quadrangularis Linn. belongs to the family Vitaceae, an edible plant found in 
India, Sri Lanka, Malaya, Java, West Africa (Udupa et al., 1970) and also found 
throughout Thailand (Pongboonrod, 1995). It is commonly known as “bone setter”; 
the plant is referred to as “Asthisamdhani” in Sanskrit and “Hadjod” in Hindi because 
of its ability to join bones (Shirwaikar et al., 2003). The plant has been documented in 
Ayurveda, an alternative system of medicine in India, for its medicinal uses in gout, 
syphilis, venereal diseases, piles, tumors, hemorrhoids peptic ulcers and leucorrhoea 
(Warrier et al., 1994; Yoganarisimhan, 2000). The stem juice of the plant is used to 
treat scurvy and irregular menstruation, otorrhoea and epistaxis (Deka et al., 1994). 
The roots and stem are useful in healing of fractures of the bones (Kumbhojkar et al., 
1991).  
 
Considering the above, the objectives set forth are: 
 
 Review of Literature for 
• Reported anticancer activity of some Indian medicinal plants 
• Screening methods of anticancer activity 
 
  Pharmacognostic study of Cissus quadrangularis L. stem 
  Physicochemical study of Cissus quadrangularis L. stem 
  Phytochemical study of Cissus quadrangularis L. stem 
  In vitro antioxidant activity of Cissus quadrangularis L. stem 
 Spectral analysis of Cissus quadrangularis L. stem 
 Anticancer activity of Cissus quadrangularis L. stem  
 In vivo antioxidant activity of Cissus quadrangularis L. stem 
 Toxicity study of  Cissus quadrangularis L. stem 
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Ayurveda, a traditional Indian medical practice using plant drugs has been successful 
from very early times in using these natural drugs and preventing or suppressing 
various tumours with different lines of treatment (Balachandran and Govindarajan, 
2005). In India, people of different ethnic groups inhabiting various terrains, possess 
their own distinct culture, religious rites, food habit and a rich knowledge of 
traditional medicine (Mahishi et al., 2005). They practice herbal medicine to cure a 
variety of diseases. Natural products, especially plants have been used in the treatment 
of various diseases for thousands of years. Terrestrial plants have been used as 
medicines in Egypt, China, India and Greece from ancient times and an impressive 
number of modern drugs have been developed from them. The first written records on 
the medicinal uses of plants appeared about 2600 BC from the Sumerians and 
Akkaidians (Samuelsson, 1999).  
 
Cancer is a significant worldwide health problem generally due to the lack of wide 
spread and comprehensive early detection methods, the associated poor prognosis of 
patients diagnosed in later stages of the disease and its increasing incidence on a 
global scale. Indeed, the struggle to combat cancer is one of the greatest challenges of 
mankind (Divisi et al., 2006).  The National Cancer Institute collected about 35,000 
plant samples from 20 countries and has screened around 114,000 extracts for 
anticancer activity (Shoeb, 2006). Over 3000 species of plants with antitumour 
properties have been reported (Hartwell, 1982). Cancer is one of the most common 
diseases in humans and currently there is considerable scientific and commercial 
interest in the continuing discovery of new anticancer agents from natural product 
sources (Kinghorn et al., 2003).  
 
Chemoprevention is recognized as an important approach to control malignancy and 
recent studies have focused on the search for desirable chemopreventive agents. 
Natural products, particularly dietary substances, have played an important role in 
creating new chemopreventive agents (Surh, 2003). Interesting patterns of differential 
cytotoxicity have been associated with known classes of compounds, such as 
cardenolides, lignans or quassinoids (Cardellina et al., 1993). In any cancer drug 
discovery program, a paradigm based on ethnobotanical and ethnopharmacological 
data would be more economical and beneficial in identifying potential anticancer 
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molecules than mass screening of plant species (Nair et al., 2009). Natural products 
have been regarded as important sources of potential chemotherapeutic agents and 
many anticancer drugs have originated from natural sources (Tan et al., 2006).  
 
According to Cragg and Newman (2000) over 50 % of the drugs in clinical trials for 
anticancer properties were isolated from natural sources or are related to them. 
Several natural products of plant origin have potential value as chemotherapeutic 
agents. Some of the currently used anticancer agents derived from plants are 
podophyllotoxin, taxol, vincristine and camptothecin (Pezzuto, 1997). The areas of 
cancer and infectious diseases have a leading position in utilization of medicinal 
plants as a source of drug discovery. Among FDA approved anticancer and anti-
infectious drugs, drugs from natural origin have a share of 60 % and 75 % 
respectively (Newman et al., 2003).  
 
A great number of in vitro and in vivo methods have been developed to measure the 
efficiency of natural anticancer compounds either as pure compounds or as plant 
extracts. In vitro methods like, Tryphan blue dye exclusion assay, LDH (Lactic 
dehydrogenase) assay, MTT assay, XTT assay and  Sulforhodamine B assay are most 
commonly used for estimating anticancer properties of natural products from 
medicinal plants. Among all in vitro methods MTT and Sulforhodamine B assay most 
popular for estimating anticancer activity.  
 
2.1 SCREENING METHODS OF ANTICANCER ACTIVITY 
 
2.1.1 In vitro methods 
 
2.1.1.1 Tryphan blue dye exclusion assay  
 
The trypan blue dye exclusion assay is the most commonly utilized test for cell 
viability. In this assay, the cells are washed with HBSS (Hank's Buffered Salt 
Solution) and centrifuged for 10 - 15 min at 10,000 rpm. The procedure is repeated 
thrice. The cells are suspended in known quantity of HBSS and the cell count is 
adjusted to 2 x 10
6
 cells/ml. The cell suspension is distributed into Eppendorf tubes 
(0.1 ml containing 2 lakhs cells). The cells are exposed to drug dilutions and 
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incubated at 37 °C for 3 h. After 3 h, dye exclusion test, that is, equal quality of the 
drug treated cells are mixed with tryphan blue (0.4 %) and left for 1 min. It is then 
loaded in a haemocytometer and viable and non-viable count are recorded within 2 
min. Viable cells do not take up colour, whereas dead cells take up colour. However, 
if kept longer, live cells also generate and take up colour (Unnikrishnan and Kuttan, 
1998). The percentage of growth inhibition is calculated using the following formula: 
 
Growth inhibition (%) = 100 - [(Total cells – Dead cells)/ Total cells] X 100 
   
2.1.1.2 LDH (Lactic dehydrogenase) Assay (Alessandra et al., 2006) 
 
Lactic dehydrogenase activity is spectrophotometrically measured in the culture 
medium and in the cellular lysates at 340 nm by analyzing NADH reduction during 
the pyruvate-lactate transformation. Cells are lysed with 50 mM Tris-HCl buffer, pH 
7.4 + 20 mM EDTA + 0.5 % Sodium Dodecyl Sulfate (SDS), further disrupted by 
sonication and centrifuged at 13,000 X g for 15 min. The assay mixture (1ml final 
volume) for the enzymatic analysis consists of 33 µl of sample in 48 mM PBS, pH 7.5 
+ 1 mM pyruvate and 0.2 mM NADH. The percentage of LDH released is calculated 
as percentage of the total amount, considered as the sum of the enzymatic activity 
present in the cellular lysate and that in the culture medium.  
 
2.1.1.3 MTT assay (Mossman, 1983) 
 
The MTT assay, based on the conversion of the yellow tetrazolium salt-MTT, to 
purple-formazan crystals by metabolically active cells, provides a quantitative 
determination of viable cells. Cells are plated on to 96 well plates at a cell density of 
2×10
5
 mL
-1
 per well in 100 µL of RPMI 1640 and allowed to grow in  CO2  incubator 
for 24 h (37 ˚C, 5 % CO2). The medium is then removed and replaced by fresh 
medium containing different concentrations of sample for 48 h. The cells are 
incubated for 24-48 h (37 ˚C, 5 % CO2). Then, 20 µL MTT ([3- (4, 5-dimethylthiazol-
yl)-2, 5-diphenyltetrazolium bromide]) stock solution (5 mg/mL in PBS) is added to 
each well and incubated for 5 h. The medium is removed and 200 µL DMSO is added 
to each well to dissolve the MTT metabolic product. Then the plate is shaken at 150 
rpm for 5 min and the optical density is measured at 560nm. Untreated cells (basal) 
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are used as a control of viability (100 %) and the results are expressed as % viability 
(log) relative to the control.   
 
2.1.1.4 XTT assay (Economou et al., 2008) 
 
In order to measure the proliferation response, the (2,3-bis[2-Methoxy-4-nitro-5-
sulfophenyl]- 2H-tetrazolium-5-carboxyanilide inner salt (XTT) assay is used. The 
tetrazolium salt, XTT, is especially useful in quantifying viable cells. This assay is 
designed for the spectrophotometric quantification of cell growth and viability 
without the use of radioactive isotopes and is based on the cleavage of yellow 
tetrazolium salt, XTT, to form an orange formazan dye by metabolically active cells. 
XTT cleavages into an orange formazan dye by the mitochondrial enzyme, 
dehydrogenase, occurs exclusively in living cells. Cells are grown in growth medium 
plus 10 % FBS in 96-well plates until 70-80 % confluence. They are then treated with 
the appropriate drug sample for 24 h. An XTT assay is performed at the end of 
incubation. Briefly, 50 mL of XTT labeling mixture solution is add to each well, and 
the cells are incubated at 37 °C for 4 h. The formazan dye formed is soluble in 
aqueous solutions and the optical density at 450 nm is compared with that of control 
wells with a screening multiwell spectrophotometer enzyme-linked immunosorbent 
assay (ELISA) reader. The reference wavelength is 650 nm.  
 
2.1.1.5 Sulforhodamine B assay  
 
Sulforhodamine B assay is a bright pink aminoxanthene dye that binds to basic amino 
acids in mild acidic conditions and dissociates under basic conditions. Cells are plated 
in 96-well flat bottom plates at 5000-10000 cell/well. The difference in cell numbers 
plated adjusts for differences in the growth rates of the various cell lines. Cells are 
allowed to adhere to the wells overnight, then the samples are added to triplicate wells 
in serial 3-fold dilutions. Water is added to the control wells at a 1:10 dilution in 
medium. These plates are incubated at 37 °C, 5 % CO2 for 3 days, then assayed for 
growth inhibition using a sulforhodamine B (SRB) assay (Skehan et al., 1990). The 
cells are fixed by the addition of cold 50 % trichloroacetic acid to a final 
concentration of 10 %. After 1 h incubation at 4 °C, the cells are washed five times 
with deionized water. The cells are then stained with 0.4 % SRB (Sigma) dissolved in 
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1 % acetic acid for 15-30 min and subsequently washed five times with 1 % acetic 
acid to remove unbound stain. After the plates are air dried at room temperature, the 
bound dye is solubilized with 10 mm Tris base and the plates are analysed on a 
microplate reader (Molecular Devices) at 595 nm. 
 
The percent growth inhibition is calculated as   =   [Control-Sample/Control] X 100 
 
2.1.2 In vivo method 
 
2.1.2.1 Induction of Ehrlich ascites carcinoma (Devi et al., 1998) 
 
Antitumor activity of the test compounds is determined using Ehrlich ascites 
carcinoma (EAC) tumor model in mice. The ascitic carcinoma bearing mice (donor) 
are used for the study, 15 days after tumor transplantation. The animals are divided 
into groups of 12 animals each. ((a) Normal mice (b) Tumor-bearing mice, (c) Tumor-
bearing mice treated with standard drug, (d) Tumor-bearing mice groups treated with 
test drug) The ascitic fluid is drawn using an 18-gauge needle with sterile syringe. A 
small amount is testing for microbial contamination. Tumor viability is determine by 
Tryphan blue exclusion test and cells are counted using haemocytometer. The ascitic 
fluid is suitably diluted in normal saline to get a concentration of 10
6
 cells/ml of 
tumor cell suspension. This is injected intraperitoneally to obtain ascitic tumor. The 
mice are weighed on the day of tumor inoculation and then once in three days 
thereafter. Treatment is started on the tenth day of tumor inoculation. Standard (one 
dose) is injected on tenth day intraperitoneally. The drug is administered from tenth 
day for 5 days intraperitoneally. After the administration of last dose followed by 18 h 
fasting, six mice from each group are sacrifice for the study of antitumor activity and 
hematological parameters. The remaining animals in each of the groups are kept to 
check the mean survival time (MST) of the tumor-bearing hosts. Antitumor effects of 
drug are assessed by observation of following parameters.  
i. Percentage increase in weight as compared to day-0 weight  
ii. Median survival time and increase in lifespan [% ILS]  
iii. Hematological parameters 
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2.2 ANTICANCER MEDICINAL PLANTS OF INDIA 
 
Anticancer properties of many natural compounds isolated from different Indian plant 
extracts have been reported. Research is being carried out throughout the world to 
find a lead compound which can block the development of cancer in humans. Nature 
has always been a great contributor towards this goal. Plant-derived natural products 
such as flavonoids, terpenoids and steroids have received considerable attention due 
to their diverse pharmacological properties, which include cytotoxic and 
chemopreventive effects (Abdullaev, 2001). The isolation of the vinca alkaloids, 
vinblastine and vincristine from the Madagascar periwinkle, Catharanthus roseus 
introduced a new era in the use of plant material as anticancer agents. They were the 
first agents to advance into clinical use for the treatment of cancer (Cragg and 
Newman, 2005).  The medicinal plants contain many antioxidants such as vitamins 
(A, C, E, K), carotenoids, flavonoids (flavones, isoflavones, flavonones, 
anthocyanins, catenchins, isocatechins), polyphenols (ellagic acid, gallic acid, 
tannins), saponins, enzymes and minerals (selenium, copper, manganese, zinc, 
chromium, iodine, etc) (Gupta and Sharma, 2006).   
 
Hence, plants which are showing promising anticancer activity are listed in Table 1.  
All the plants are from Indian origin and belong to 35 different families; the table also 
contains detailed information regarding part used, extract used, type of the method 
used, types of tested cancer cell lines, etc.  These plants continue to be used against 
various types of tumours such as sarcoma, lymphoma, carcinoma and leukemia. Many 
of these medicinal plants have been found to be very effective in experimental as well 
as clinical cases of tumours/cancers.  
 
Some medicinal plants have been studied in various in vivo and in vitro experimental 
models of cancer and have  shown significant inhibition of cancer cell proliferation. 
For eg.  Abrus precatorius  in Yoshida’s sarcoma, carcinoma and Dalton’s lymphoma 
ascites cancer (Sivakumar and Alagesaboopathi, 2008; Reddy and Sirsi, 1969); 
Alstonia scholaris  in Ehrlich ascites carcinoma (Jagetia and Baliga, 2006; Kulkarni 
and Juvekar, 2008); Cymbopogon flexuosus in Ehrlich ascites carcinoma, leukemia 
and sarcoma 180 (Sharma et al., 2009); Ocimum gratissimum in breast cancer 
(Nangia-Makker et al., 2007); Phellinus rimosus in lymphoma and carcinoma (Ajith 
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and Janardhanan, 2002; Ajith and Janardhanan, 2003); Punica granatum  in prostate 
cancer (Malik et al., 2005); Zingiber officinale in carcinoma (Shukla et al., 2007; 
Stoilova et al., 2007); Moringa oleifera in skin cancer and Human multiple myeloma 
cancer (Guevara et al., 1999; Verma et al., 2009); Allium sativum in sarcoma 180 
(Ejaz et al., 2003; Balasenthila et al., 2001); Asparagus racemosus in liver cancer 
(Agrawal et al., 2008; Kamata et al., 2000); Catharanthus roseus in P-1534 leukemia 
(El-Sayed and Cordell, 1981; Johnson et al., 1960; Jaleel et al., 2008); Indigofera 
aspalathoides in Ehrlich’s ascites carcinoma (Rajkapoor et al., 2004; Bakasso et al., 
2008); Mangifera indica in lung cancer (Rajendran et al., 2008); Nigella sativaI in 
colon cancer (Al-Johar et al., 2008; Swamy and Tan, 2000); Tephrosia purpurea in 
oral carcinoma (Kavitha and Manoharan, 2006); Tinospora cordifolia in Ehrlich’s 
ascites carcinoma (Rao et al., 2008; Prince and Menon, 1999); Withania somnifera in 
skin carcinoma (Padmavathi et al., 2005; Visavadiya and Narasimhacharya, 2007); 
Woodfordia fruticosa  in sarcoma 180 (Yoshida et al., 1990; Kumaraswamy and 
Satish, 2008); Azadirachta indica in prostate cancer (Gangar and Koul, 2008; Kumar 
et al., 2006); Beta vulgaris in skin and lung cancer (Kapadia et al., 1996; Jiratanan 
and Liu, 2004); Emblica officinalis in liver cancer (Sultana et al., 2008; Anila and 
Vijayalakshmi, 2003), breast cancer and lung fibroblast (Liu et al., 2012); Ephedra 
sinica in Murine melanoma (Nam et al., 2003); Ocimum sanctum in skin cancer 
(Rastogi et al., 2007); Viscum album in Ehrlich’s carcinoma (Cebovic et al., 2008; 
Onay-Ucar et al., 2006); Jatropha curcas  in skin cancer (Hirota et al., 1988; Yan et 
al., 2008); Andrographis paniculata in lymphoma and carcinoma (Geethangili et al., 
2008); Annona reticulate in kidney and colorectal carcinoma cancer (Mondal et al., 
2007; Baskar et al., 2007); Bacopa monniera in sarcoma (Rohini and Devi, 2008); 
Berberis vulgaris in breast cancer (Tomosaka et al., 2008); Bidens pilosa in cervix 
cancer (Sundararajan et al., 2006; Abajo et al., 2004); Citrullus colocynthis  in breast 
cancer (Tannin-Spitz et al., 2007a; Tannin-Spitz et al., 2007b); Crocus sativus  in 
cervical epithelioid carcinoma cancer (Abdullaev, 2002; Escribano et al., 1996); 
Curculigo orchioides in breast cancer (Singh and Gupta, 2008; Venukumar and Latha, 
2002); Ipomoea aquatica in larynx epithelial carcinoma and small lung carcinoma 
cancer (Prasad, 2005); Lantana camara in lung carcinoma (Raghu et al., 2004); Pinus 
resinosa in Colorectal adenocarcinoma cell, lung carcinoma cell and normal skin 
Fibroblast (Simard et al., 2008; Pietarinen et al., 2006); Rubia cordifolia  in 
carcinoma (Kaur et al., 2008; Son et al., 2008); Tiliacora racemosa  in leukaemia and 
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carcinoma (Chakraborty et al., 2004); Calycopteris floribunda in colon cancer (Ali et 
al., 2008); Cedrus deodara  in acute lymphoblastic leukemia, prostate and lung cancer 
(Sharma et al., 2008; Tiwari et al., 2001); Curcuma longa in colon cancer (Lee et al., 
2009; Hsu et al., 2007); Ipomoea squamosa  in ovarian cancer (Cao et al., 2007); 
Melia azedarach in lung cancer and glioma cancer (Wu et al., 2009; Szewczuk et al., 
2006); Morinda citrifolia in colon cancer (Kamiya et al., 2009; Anekpankul et al., 
2007); Polyalthia longifolia  in colon and leukemia HL-60 cancer (Verma et al., 
2008); Psidium gujava in prostate carcinoma cancer (Chen et al., 2007); Tragia 
involucrata  in carcinoma cancer (Joshi et al., 2011); Semecarpus anacardium  acute 
myeloblastic leukaemia, chronic myelogenic leukaemia, breast adenocarcinoma, 
cervical epithelial carcinoma and colon carcinoma cancer (Chakraborty et al., 2004; 
Nair et al., 2009); Terminalia chebula in colon cancer (Reddy et al., 2009). 
 
This review provides information on a number of plants which show promising 
anticancer activity. It lists various methods for evaluating anticancer activity so it will 
be easy for the experimenter. It emphasizes that in vitro anticancer assays have been 
carried out for most of the plants, but in vivo remains to be done in majority of them.  
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Table 1: List of Indian medicinal plants, their family, part used, solvents used for extraction and assay employed for anticancer studies 
No. Scientific name  
(vernacular name, 
family) 
Part/s 
used 
Extract Type of the tested cancer  
cells and Method 
Traditional and reported  
uses 
References 
1 Abrus precatorius L. 
(Chanothi, Fabaceae) 
S 50 % ET Dalton’s lymphoma ascites (DLA) 
cells, small cell lung carcinoma, 
Yoshida ascites sarcoma, Yoshida 
sarcoma, mouse fibro sarcoma / In 
vivo and In vitro /MTT,SRB test 
Eye disease, jaundice,  
poisoning, fainting, 
arthritis and leucoderma 
(Sivakumar and 
Alagesaboopathi, 
2008; Reddy and 
Sirsi,1969) 
2 Allium sativum L. 
(Lasan, Liliaceae) 
 
P   
 
- 
Oral cancer cell, sarcoma 180 
cancer cell / In vivo 
Antioxidant properties, 
anti- asthmatic,   
anticholesterole- mic, 
antiseptic, antithrom- 
botic, cancer, cholagogue, 
diaphoretic and diuretic 
Ejaz et al., 2003; 
Balasenthila et al., 
2001 
3 Alstonia scholaris L. 
(Saptaparna, 
Apocynaceae) 
S 85 % EAL HeLa, hepatocellular carcinoma,  
promyelocytic leukemia cells,  
epidermoid carcinoma cell line and 
breast adenocarcinoma cancer cell 
lines, Ehrlich ascites carcinoma / 
In vivo and In vitro / Pratt and 
Willis test  
Antioxidant, diarrhoea, 
dysentery and treat 
malaria 
Jagetia and Baliga, 
2006; Kulkarni and 
Juvekar, 2008 
4 Andrographis 
paniculata Burn.f. 
(Kariyatu, 
Acanthaceae) 
AP 
 
95 % ET Lymphocytic, prostate, hepatoma, 
colon cancer cell lines/ In vitro / 
MTT test 
Antifertility, antihepatic, 
hepatoprotective, anti- 
thrombotic, 
immunostimulant, 
Geethangili et al., 
2008 
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antihepatotoxic, 
antiplatelet, aggregation, 
antihyper-glycaemic, 
antioxidant, anti- 
Inflammatory and 
antimalarial 
5 Annona reticulate L. 
(Ramfal, 
Annonaceae) 
L ME Hepatocellular carcinoma, kidney 
carcinoma, colorectal carcinoma 
cancer cell lines / In vitro / MTT 
test 
Antioxidant, antidysentric,  
and antihelminthic   
Mondal et al., 2007; 
Baskar et al., 2007 
6 Asparagus racemosus 
Willd. 
(Shatavari, Liliaceae) 
 
R AQ Liver cancer / In vivo Gastric ulcers, dyspepsia, 
inflammation, liver 
diseases and antioxidant 
Agrawal et al., 2008; 
Kamata et al., 2000 
7 Azadirachta indica 
Juss. 
(Neem, Meliaceae) 
L 80 % ET Prostate cancer / In vivo Immunomodulatory, anti- 
inflammatory, antiulcer, 
antimalarial, antifungal, 
antibacterial, antiviral, 
antioxidant, antimutagenic 
and anticarcinogenic 
properties  
Gangar and Koul, 
2008; Kumar et al., 
2006 
8 Bacopa monniera L. 
(Brahmi, 
Scrophulariaceae) 
WP 9 %  ET Mouse sarcoma Cell line/ In vitro / 
Trypan blue exclusion test 
Mental disorders, tumors, 
ascites, antioxidant and 
inflammation 
Rohini and Devi, 
2008 
9 Bauhinia variegate L. 
(Kanchhanar, 
Caesalpiniaceae) 
S 95 % ET Liver cancer cell, epithelial larynx 
cancer, human breast cancer / In 
vivo and In vitro line/MTT test 
Bronchitis, leprosy, 
tumors ulcer, antibacterial, 
antifungal and antioxidant 
Rajkapoor et al., 
2004 
10 Berberis vulgaris L. 
(Barberry, 
RB ME Breast cancer / In vitro / SRB test Antioxidant, diarrhea, 
gallbladder, liver 
Tomosaka et al., 
2008 
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Berberidaceae) dysfunctions, 
leishmaniasis, malaria, 
stomach problems and 
urinary tract diseases 
11 Beta vulgaris L. 
(Beet, 
Chenopodiaceae) 
J 95 % ET Skin and lung cancer / In vivo Antioxidant, leukaemia, 
cancer such as breast, 
oesophagus, glands, head, 
intestines and leg 
Kapadia et al., 1996; 
Jiratanan and Liu, 
2004 
12 Bidens pilosa L. 
(Shemaro, 
Asteraceae) 
WP ME Cervix carcinoma, nasopharyngeal 
epidermal carcinoma cancer cell 
lines / In vitro / MTT test 
Antioxidant, wounds, 
colds, flu and acute or 
chronic hepatitis urinary 
tract infections 
Sundararajan et al., 
2006; Abajo et al., 
2004 
13 Calycopteris 
floribunda  Lam. 
(Bukshi, Kokaranj 
Combretaceae) 
L DCM:ME 
(1:1) 
Colon cancer cell line / In vitro /  
MTT test 
Colic, antihelminthic, 
astringent laxative, 
diarrhoea and malaria 
Ali et al., 2008 
14 Catharanthus roseus 
L. 
(Sadabahar, barmachi 
Apocynaceae) 
R,L EA Acute lymphocytic leukemia / In 
vivo, Colorectal Carcinoma cell 
line / In vitro / MTT test 
Anti cancer,  menorrhagia  
and antioxidant 
 
Johnson et al., 1960; 
El-Sayed and 
Cordell, 1981; Jaleel 
et al., 2008 
15 Cedrus deodara   G. 
Don 
(Devdaar, Pinaceae) 
W 
 
 
- 
Acute lymphoblastic leukemia,  
promyelocytic leukemia, prostrate 
and lung cancer cell lines / In vitro 
/ Trypan blue exclusion test 
Astringent, antioxidant, 
antidiarrhoeal febrifuge, 
and antiseptic. 
Sharma et al., 2008; 
Tiwari et al., 2001 
16 Citrullus colocynthis 
L. 
(Indrayan, 
Cucurbitaceae) 
L Glucosides Breast cancer cell line / In vitro / 
MTT test 
Cytotoxic, 
hepatoprotective, anti-
inflammatory, 
cardiovascular, 
antioxidant and anti-
Tannin-Spitz et al., 
2007a;  Tannin-Spitz 
et al., 2007b 
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diabetic effects 
17 Crocus sativus L. 
(Kesar, Iridaceae) 
dry 
stigma
s 
75 % ET Cervical epithelioid carcinoma 
cancer cell line / In vitro / MTT 
test 
Antioxidant properties   Escribano et al., 
1996; Abdullaev, 
2002 
18 Curculigo orchioides 
Gaertn. 
(Kalimusli, 
Amaryllidaceae) 
R HE, CH, AN 
and ME 
Breast cancer cell line / In vitro / 
MTT test 
Antioxidant, diarrhoea, 
jaundice, asthma and 
poultice for itch and skin 
diseases 
Singh and Gupta, 
2008; Venukumar  
and Latha, 2002 
19 Curcuma longa L. 
(Haldi, 
Zingiberaceae) 
Rh  
- 
Colon Cancer Cells / In vitro / 
Lactate dehydrogenase test 
Antimutagenic, 
anticarcino- genic, 
antigenotoxic, anti-
inflammatory and 
antioxidant 
properties 
Lee et al., 2009; Hsu 
et al., 2007 
20 Cymbopogon 
flexuosus (Steud.) 
Wats. 
(Lemon grass, 
Poaceae) 
G - Colon, cervix, oral, prostate, 
promyelocytic and leukemia cancer 
cell lines / In vitro and In vivo /  
SRB test 
Stress-related disorders, 
antifungal and anti 
microbial properties 
Sharma et al., 2009 
21 Emblica officinalis 
 Gaertn. 
(Amla, 
Euphorbiaceae) 
DFr, 
Fr 
ME Liver cancer/ In vivo/ Human 
breast cancer and  human 
embryonic lung fibroblast  cancer 
cell lines/In vitro/MTT test 
Liver protecting activity, 
antimutagenic, antioxidant 
and anticarcinogenic 
properties 
Sultana et al., 2008; 
Anila  and 
Vijayalakshmi, 2003;  
Liu et al., 2012 
22 Ephedra sinica Stapf 
(Ephedra, 
Ephedraceae) 
AP ME Murine melanoma cancer / In vivo Colds, fever, flu, 
headaches, asthma, 
wheezing, and nasal 
congestion 
Nam et al., 2003 
23 Indigofera S 95 % ET Ehrlich’s ascites carcinoma cancer Antioxidant, various skin Rajkapoor et al., 
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aspalathoides  (Vahl, 
Papilionaceae) 
/ In vivo disorders and cancer 2004; Bakasso et al., 
2008 
24 Ipomoea aquatica 
Forskal. 
(Kalmisag, 
Convolvulaceae) 
L ME Larynx epithelial carcinoma, small 
lung carcinoma cancer and normal 
African green monkey kidney cell 
line / In vitro / MTT and SRB test 
Antioxidant properties Prasad et al., 2005 
25 Ipomoea squamosa 
(Cairo Morning 
Glory, 
Convolvulaceae) 
L  
- 
 
Ovarian cancer cell line / In vitro  
- 
Cao et al., 2007 
26 Jatropha curcas L. 
(Ratanjota, 
Huphorbiaceae) 
S ME Skin cancer / In vivo Skin diseases, antioxidant, 
ulcers, tumours 
Hirota et al., 1988; 
Yan et al., 2008 
27 Lantana camara L. 
(Ghaneri, 
Verbenaceae) 
F,Fr.,
L,R, S 
ME Lung carcinoma cell line / In vitro / 
MTT and SRB test 
Antitumoral, antioxidant, 
antibacterial and 
antihypertensive  
Raghu et al., 2004 
28 Mangifera indica L. 
(Keri, Anacardiaceae) 
Fr, 
B,L 
 
 
 
 
 
Lung cancer / In vivo Antitumour, antioxidant, 
antiviral, antibacterial, 
analgesic, anti-
inflammatory, 
antidiarrhoeal, 
antiamoebic, spasmolytic, 
immunostimulant and 
immunomodulatory 
properties 
Rajendran et al., 
2008 
29 Melia azedarach L. 
(White Cedar, 
Meliaceae) 
L 70 % ET Lung cancer and glioma cancer cell 
line / In vitro / standard Cell 
Counting Kit (CCK)-8 test 
Antiparasitic activity, 
anthelmintic activity 
Wu et al., 2009; 
Szewczuk et al., 2006 
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30 Morinda citrifolia L. 
(Noni, Rubiaceae) 
R, Fr. AQ Colon cancer cell line / In vitro / 
MTT test 
Antidiabetic, antiviral, 
antibacterial, anticancer 
and antioxidant 
Kamiya et al., 2009; 
Anekpankul et al., 
2007 
31 Moringa oleifera L. 
(Saragavo, 
Moringacae) 
S ME, ET, EA 
and CH 
Skin cancer/ In vivo and In vitro/ 
Natural red dye test 
Antioxidant, 
antimicrobial, 
antigenotoxic and anti-
inflammatory activities 
Guevara et al., 1999; 
Verma et al., 2009 
32 Nigella sativa L. 
(Black seeds, 
Ranunculaceae) 
S 90 %  ET Colon Cancer / In vivo Antioxidant, antidiabetic, 
antihistaminic, 
antiepileptogenic, 
antiinfective, antitumour 
and antiperoxidative 
Swamy and Tan, 
2000; Al-Johar et al., 
2008 
33 Ocimum gratissimum 
L. 
(Damro, Lamiaceae) 
S, L AQ Breast cancer / In vivo and In vitro 
/ MTT test 
Chemopreventive, 
anticarcinogenic, 
radioprotective and 
numerous others 
pharmacological uses 
Nangia-Makker et al., 
2007 
34 Ocimum sanctum L. 
(Tulsi, Lamiaceae) 
L ET Skin cancer / In vivo Anti-stress, antioxidant, 
hepatoprotective, anti-
inflammatory, 
antibacterial 
and radioprotective 
properties 
Rastogi et al., 2007 
35 Phellinus rimosus 
(Berk, 
(Hymenochetaceae) 
sporoc
arps 
ME, AQEA Dalton’s lymphoma ascites, 
Ehrlich’s ascites carcinoma / In 
vivo and In vitro / Trypan blue 
exclusion test 
Antioxidant Ajith  and 
Janardhanan, 2002; 
Ajithe and 
Janardhanan, 2003 
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36 Pinus resinosa  Aiton 
(Pinaceae) 
W HE, DCM, 
ME and AQ 
 
Colorectal adenocarcinoma cell, 
lung carcinoma cell and normal 
skin 
Fibroblast cell lines / In vitro / 
Resazurin reduction test 
Antioxidant, analgesic, 
antifungal and 
antibacterial 
Simard et al., 2008; 
Pietarinen et al., 2006 
37 Polyalthia longifolia 
Benth. & Hook. f. 
(Asopalav, 
Annonaceae) 
L ET Colon cell and leukemia HL-60 
cancer cell line / In vitro / SRB test 
Antibacterial and 
antifungal 
Activities 
Verma et al., 2008 
38 Psidium guajava L. 
(Jamphal, Myrtaceae) 
L AQ Prostate carcinoma cell/ In vitro / 
MTT test 
Antioxidant  Chen et al., 2007 
39 Punica granatum L. 
(Dadam, Lythraceae) 
 J,P 70 % AC Prostate carcinoma cell / In vivo 
and In vitro / MTT test 
Antioxidant and anti-
inflammatory 
Malik et al., 2005 
40 Tragia involucrata 
Linn. 
(Euphorbiaceae) 
AP HE, EA Ehrlich’s ascites carcinoma/ in vivo Antimicrobial, 
antiinflammatory, 
antifertility activity 
Joshi et al., 2011 
41 Rubia cordifolia L. 
(Manjistha, 
Rubiaceae) 
R 80 % ME Colon carcinoma, breast carcinoma 
and liver carcinoma / In vitro / 
MTT test 
Antitumor, antioxidant,  
anti inflammatory, urinary 
disorders, antistress, anti 
microbial, 
hepatoprotective, radio 
protective  
Kaur et al., 2008; Son 
et al., 2008 
42 Semecarpus 
anacardium L. 
(Bhallika, 
Anacardiaceae) 
 
DFr 90 %  ET and 
ME 
Acute myeloblastic leukaemia, 
chronic myelogenic leukaemia, 
breast adenocarcinoma, cervical 
epithelial carcinoma and colon 
carcinoma cancer cell lines / In 
vitro / MTT test 
Antioxidant, 
immunomodu-latory, 
antiinflammatory, 
analgesic, antipyretic 
and ulcerogenic activities 
Chakraborty et al., 
2004; Nair et al., 
2009 
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43 Tephrosia purpurea  
Pers. 
(Sarapunkha, 
Fabaceae) 
R 95 %  ET Oral squamous cell carcinoma / In 
vivo 
Various inflammatory, 
liver, spleen and kidney 
disorders and antioxidant   
Kavitha and 
Manoharan, 2006 
44 Terminalia chebula  
Retz. 
(Karakkaya, 
Combretaceae) 
F ET COLO-205 cell line / In vitro / 
MTT test 
Digestive, diabetes, colic 
pain, chronic cough, sore 
throat, asthma, anti-
oxidant, anti-
inflammatory 
Reddy et al., 2009 
45 Tiliacora racemosa  
Coleb. 
(Tiliacoru, 
Menispermaceae) 
R 90 % ET Acute myeloblastic leukaemia, 
chronic myelogenic leukaemia , 
breast adenocarcinoma and 
cervical epithelial cancer cell lines 
/ In vitro / MTT test 
 
- 
Chakraborty et al., 
2004 
46 Tinospora cordifolia   
(Willd.) Hook. f. & 
Thom. 
(Guduchi, 
Menispermaceae) 
S PE, CH and 
DCM 
Ehrlich’s ascites carcinoma / In 
vivo 
 
General tonic, antioxidant,  
anti-inflammatory, anti-
arthritic, antiallergic, 
anti-malarial, anti-diabetic 
and aphrodisiac properties 
Rao et al., 2008; 
Prince and Menon et 
al., 1999 
47 Viscum album L. 
(Vando, Viscaceae) 
L CO2  gas Ehrlich’s tumour cell / In vivo Nervine, hypotensive, 
cardiac depressant,  
antioxidant,  vasodilator,  
relaxant, diuretic and 
stimulant 
Cebovic et al., 2008; 
Onay-Ucar et al., 
2006 
48 Withania somnifera 
L. 
(Ashwagandha, 
Solanaceae) 
R 70 % EAL Forestomach and skin carcinoma 
cancer / In vivo 
 
Antitumor, 
radiosensitizer,  
antioxidant,  antistressor, 
immunomodulatory, anti-
inflammatory and anti-
Padmavathi et al., 
2005; Visavadiya  
and 
Narasimhacharya, 
2007 
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S: Stem, P: Peel, AP: Aerial parts, L: leaves, R: root, WP: whole plant, RB: rootbark, J: juice, W: wood, Rh: rhizomes, G: grass, DFr: dry fruits, 
F: flower, B: bark  
 
ET: Ethanol, EAL: Ethyl alcohol, ME: Methanol, AQ: Aqueous, DCM: dichloromethane, EA: Ethyl acetate, HE: Hexane, CH: Chloroform, AN: 
Acetonitrile, AC: Acetone 
 
 
bacterial  
49 Woodfordia fruticosa 
Salisb. 
(Dhavdi, Lythraceae) 
F 70 % AC Sarcoma 180  cancer / In vivo Antipyretic, antioxidant, 
Anti- inflammatory, 
hepato-protective, 
antibacterial activity 
Yoshida et al., 1990; 
Kumaraswamy and 
Satish, 2008 
50 Zingiber officinale  
Rosc. 
(Adu, Zingiberaceae) 
Rh 50 % ET Prostate cancer cell line / In vitro 
and In vivo / MTT test 
Carminative, antioxidant, 
 diaphoretic, 
antispasmodic, 
expectorant, peripheral 
circulatory stimulant, 
astringent, appetite 
stimulant, anti-
inflammatory agent, 
diuretic and digestive 
Shukla et al., 2007; 
Stoilova et al., 2007 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 36 
 
2.3 REFERENCES 
 
Abajo C, Boffill MA, Campo J, Mendez MA, Gonzalez Y, Mitjans M and Vinardell 
MP (2004). In vitro study of the antioxidant and immunomodulatory activity of 
aqueous infusion of Bidens pilosa. Journal of Ethnopharmacology 93:319-323.  
 
Abdullaev FI (2001). Plant derived agents against cancer. In: Gupta, S. K., editor. 
Pharmacology and therapeutics in the new millennium. Narosa Publishing House: 
New Delhi, India, 2001; p. 345-354. 
 
Abdullaev FI (2002). Cancer chemopreventive and tumoricidal properties of Saffron 
(Crocus sativus L.). Experimental Biology and Medicine 227:20-25. 
 
Agrawal A, Sharma M, Rai S, Singh B, Tiwari M and Chandra R (2008). The effect 
of the aqueous extract of the roots of Asparagus racemosus on hepatocarcinogenesis 
initiated by diethylnitrosamine. Phytotherapy Research 22:1175-1182. 
 
Ajith TA and Janardhanan KK (2002). Antioxidant and antihepatotoxic activities of 
Phellinus rimosus (Berk) Pilat. Journal of Ethnopharmacology 81:387-391. 
 
Ajith TA and Janardhanan KK (2003). Cytotoxic and antitumor activities of a 
polypore macrofungus, Phellinus rimosus (Berk) Pilat. Journal of Ethnopharmacology 
84:157-162. 
 
Alessandra R, Marisa P, Laura L, Luca V, Venera C and Juan G (2006). Pannarin 
inhibits cell growth and induces cell death in human prostate carcinoma DU-145 cells. 
Anti-Cancer Drugs 17:1163-1169. 
 
Ali H, Chowdhury AKA, Rahman AKM, Borkowski T, Nahar L and Sarker SD 
(2008). Pachypodol, a flavonol from the leaves of Calycopteris floribunda, inhibits 
the growth of CaCo-2 colon cancer cell line in vitro. Phytotherapy Research 22:1684-
1687. 
 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 37 
 
Al-Johar D, Shinwari N, Arif J, Al-Sanea N, Jabbar AA, El-Sayed R, Mashhour A, 
Billedo G, El-Doush I and Al-Saleh I (2008). Role of Nigella sativa and a number of 
its antioxidant constituents towards azoxymethane-induced genotoxic effects and 
colon cancer in rats. Phytotherapy Research 22:1311-1323. 
 
Anekpankul T, Goto M, Sasaki M, Pavasant P and Shotipruk A (2007). Extraction of 
anti-cancer damnacanthal from roots of Morinda citrifolia by subcritical water. 
Separation and Purification Technology 55:343-349. 
 
Anila L and Vijayalakshmi NR (2003). Antioxidant action of flavonoids from 
Mangifera indica and Emblica officinalis in hypercholesterolemic rats. Food 
Chemistry 83:569-574. 
 
Bakasso S, Lamien-Meda A, Lamien CE, Kiendrebeogo M, Millogo J, Ouedraogo 
AG and Nacoulma OG (2008). Polyphenol contents and antioxidant activities of five 
Indigofera species (Fabaceae) from Burkina Faso. Pakistan Journal of Biological 
Sciences 11:1429-1435. 
 
Balachandran P and Govindarajan R (2005). Cancer an ayurvedic perspective. 
Pharmacological Research 51:19-30. 
 
Balasenthil S, Ramachandran CR and Nagini S (2001). Prevention of 4-nitroquinoline 
1-oxide-induced rat tongue carcinogenesis by garlic. Fitoterapia 72:524-531. 
 
Baskar R, Rajeswari V and Sathish KT (2007). In vitro antioxidant studies in leaves 
of Annona species. Indian Journal of Experimental Biology 45:480-485. 
 
Cao S, Norris A, Wisse JH, Miller JS, Evans R and Kingston DGI (2007). 
Ipomoeassin F, a new cytotoxic macrocyclic glycoresin from the leaves of Ipomoea 
squamosa from the Suriname rainforest. Natural Product Research 21:872-876. 
 
Cardellina JH, Gustafson KR, Beutler JA, McKee TC, Hallock YF, Fuller RW and 
Boyd MR (1993). National cancer institute intramural research on human 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 38 
 
immunodeficiency virus inhibitory and antitumor plant natural products. Human 
Medicinal Agents from Plants 15:218-227. 
 
Cebovic T, Spasic S and Popovic M (2008). Cytotoxic effects of the Viscum album L. 
extract on Ehrlich tumour cells in vivo. Phytotherapy Research 22:1097-1103.  
 
Chakraborty S, Roy M, Taraphdar AK and Bhattacharya RK (2004). Cytotoxic effect 
of root extract of Tiliacora racemosa and oil of Semecarpus anacardium nut in 
human tumour cells. Phytotherapy Research 18:595-600. 
 
Chen K, Hsieh C, Peng C, Hsieh-Li H, Chiang H, Huang K and Peng R (2007). Brain 
derived metastatic prostate cancer DU-145 cells are effectively inhibited in vitro by 
guava (Psidium gujava L.) leaf extracts. Nutrition and Cancer 58:93-106. 
 
Cragg GM and Newman DJ (2000). Antineoplastic agents from natural sources: 
achievements and future directions. Expert Opinion on Investigational Drugs 9:2783-
2797. 
 
Cragg GM and Newman DJ (2005). Plants as source of anticancer agents. Journal of 
Ethnopharmacology 100:72-79. 
 
Devi PU, Rao BS and Solomon FE (1998). Effect of plumbagin on the radiation 
induced cytogenetic and cell cycle changes in mouse Ehrlich ascites carcinoma in 
vivo. Indian Journal of Experimental Biology 36:891-895. 
 
Divisi D, Tommaso SD, Salvemini S, Garramone M, Crisci R (2006).  Diet and 
cancer. Acta Biomedica 77:118-123. 
 
Economou MA, Andersson S, Vasilcanu D, All-Ericsson C, Menu E, Girnita A, 
Girnita L, Axelson M, Seregard S and Larsson O (2008). Oral picropodophyllin (PPP) 
is well tolerated in vivo and inhibits IGF-1R expression and growth of uveal 
melanoma. Acta Ophthalmologica 86:35-41.  
 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 39 
 
Ejaz S, Woong LC and Ejaz A (2003). Extract of garlic (Allium sativum) in cancer 
chemoprevention. Experimental Oncology 25:93-97. 
 
El-Sayed E and Cordell GA (1981). Catharanthus alkaloids. XXXIV. 
catharanthamine, a new antitumor bisindole alkaloid from Catharanthus roseus. 
Journal of Natural Products 44:289-293. 
 
Escribano J, Alonso G, Coca-Prados M and Fernandez J (1996). Crocin, safranal and 
picrocrocin from saffron (Crocus sativus L.) inhibit the growth of human cancer cells 
in vitro. Cancer Letters 100:23-30.  
 
Gangar SC and Koul A (2008). Azadirachta indica modulates carcinogen 
biotransformation and reduced glutathione at peri-initiation phase of benzo(a)pyrene 
induced murine forestomach tumorigenesis. Phytotherapy Research 22:1229-1238. 
 
Geethangili M, Rao YK, Fang S and Tzeng Y (2008). Cytotoxic constituents from 
Andrographis paniculata induce cell cycle arrest in jurkat cells. Phytotherapy 
Research 22:1336-1341. 
 
Guevara AP, Vargas C, Sakurai H, Fujiwara Y, Hashimoto K, Maoka T, Kozuka M, 
Ito Y, Tokuda H and Nishino H (1999). An antitumor promoter from Moringa 
oleifera Lam. Mutation Research 440:181-188. 
 
Gupta VK and Sharma SK (2006). Plants as natural antioxidants. Natural Product 
Radiation 17:326-334. 
 
Hartwell JL (1982). Plants used against cancer. A survey. Quarterman Publications, 
Lawrence. 
 
Hirota M, Suttajit M, Suguri H, Endo Y, Shudo K, Wongchai V, Hecker E and Fujiki 
H (1988). A new tumor promoter from the seed oil of Jatropha curcas L., an 
intramolecular diester of 12-Deoxy-16-hydroxyphorbol. Cancer Research 48:5800-
5804. 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 40 
 
Hsu Y, Weng H, Lin S and Chien YW (2007). Curcuminoids-Cellular uptake by 
human primary colon cancer cells as quantitated by a sensitive HPLC assay and its 
relation with the inhibition of proliferation and apoptosis. Journal of Agriculture and 
Food Chemistry 55:8213-8222. 
 
Jagetia GC and Baliga MS (2006). Evaluation of anticancer activity of the alkaloid 
fraction of Alstonia scholaris (Sapthaparna) in vitro and in vivo. Phytotherapy 
Research 20:103-109.  
 
Jaleel CA, Gopi AR, Manivannan P, Gomathinayagam M, Sridharan R and 
Panneerselvam R (2008). Antioxidant potential and indole alkaloid profile variations 
with water deficits along different parts of two varieties of Catharanthus roseus. 
Colloids and Surfaces B: Biointerfaces 62:312-318. 
 
Jiratanan T and Liu RH (2004). Antioxidant activity of processed table beets (Beta 
vulgaris var, conditiva) and green beans (Phaseolus vulgaris L.). Journal of 
Agricultural and Food Chemistry 52:2659-2670. 
 
Johnson IS, Wright HF, Svoboda GH and Vlantis J (1960). Antitumor principles 
derived from Vinca rosea Linn. Cancer Research 20:1016-1022. 
 
Joshi CG, Gopal M and Kumari NS (2011). Antitumor activity of hexane and ethyl 
acetate extracts of Tragia involucrata. International Journal of Cancer Research 
7:267-277.   
 
Kamata JP, Boloora KK, Devasagayam TPA and Venkatachalam SR (2000). 
Antioxidant properties of Asparagus racemosus against damage induced by γ-
radiation in rat liver mitochondria. Journal of Ethnopharmacology 71:425-435.  
 
Kamiya K, Hamabe W, Tokuyama S, Hirano K, Satake T, Kumamoto-Yonezawa Y, 
Yoshida H and Mizushina Y (2009). Inhibitory effect of anthraquinones isolated from 
the Noni (Morinda citrifolia) root on animal A-, B- and Y-families of DNA 
polymerases and human cancer cell proliferation. Food Chemistry 118:725-730.  
 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 41 
 
Kapadia GJ, Tokuda H, Konoshima T and Nishino H (1996). Chemoprevention of 
lung and skin cancer by Beta vulgaris (beet) root extract. Cancer Letters 100:211-214.  
 
Kaur P, Singh B, Kumar S and Kaur S (2008). In vitro evaluation of free radical 
scavenging activity of Rubia cordifolia L. Journal of Chinese Clinical Medicine 
3:278-284.  
 
Kavitha K and Manoharan S (2006). Anticarcinogenic and antilipidperoxidative 
effects of Tephrosia purpurea (Linn) Pers. in 7, 12-dimethylbenz(a)anthracene 
(DMBA) induced hamster buccal pouch carcinoma. Indian Journal of Pharmacology 
38:185-189. 
 
Kinghorn AD, Farnsworth N, Soejarto D, Cordell G, Swanson S, Pezzuto J, Wani M, 
Wall M, Oberlies N, Kroll D, Kramer R, Rose W, Vite G, Fiarchild C, Peterson R and 
Wild R (2003). Novel strategies for the discovery of plant-derived anticancer agents. 
Pharmaceutical Biology 41:53-67. 
 
Kulkarni MP and Juvekar AR (2008). Effect of Alstonia scholaris (Linn.) R. Br. on 
stress and cognition in mice. Indian Journal of Experimental Biology 47:47-52. 
 
Kumar S, Suresh PK, Vijayababu MR, Arunkumar A and Arunakaran J (2006). 
Anticancer effects of ethanolic neem leaf extract on prostate cancer cell line (PC-3). 
Journal of Ethnopharmacology 105:246-250. 
 
Kumaraswamy MV and Satish S (2008). Free radical scavenging activity and 
lipoxygenase inhibition of Woodfordia fructicosa Kurz and Betula utilis Wall. African 
Journal of Biotechnology 7:2013-2016.  
 
Lee YK, Lee WS, Hwang JT, Kwon DY, Surh YJ and Park J (2009).  Curcumin 
exerts antidifferentiation effect through AMPKα-PPAR-γ in 3T3-L1 adipocytes and 
antiproliferatory effect through AMPKα-COX-2 in cancer cells. Journal of 
Agricultural and Food Chemistry 57:305-310.  
 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 42 
 
Liu X, Zhao M, Wua K, Chai X, Yu H, Tao Z and Wang J (2012). 
Immunomodulatory and anticancer activities of phenolics from emblica fruit 
(Phyllanthus emblica L.). Food Chemistry 131:685-690. 
 
Mahishi P, Srinivasa BH and Shivanna MB (2005). Medicinal plant wealth of local 
communities in some villages in Shimoga district of Karnataka, India. Journal of 
Ethnopharmacology 98:307-312. 
 
Malik A, Afaq F, Sarfaraz S, Adhami VM, Syed DN and Mukhtar H (2005). 
Pomegranate fruit juice for chemoprevention and chemotherapy of prostate cancer. 
Proceedings of the National Academy of Sciences of the United States of America 
102:14813-14818. 
 
Mondal S, Mondal NB and Mazumder UK (2007). In vitro cytotoxic and human 
recombinant caspase inhibitory effect of Annona reticulata leaves. Indian Journal of 
Pharmacology 39:253-254. 
 
Mossman T (1983). Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays. Journal of Immunological 
Methods 65:55-63. 
 
Nair PKR, Melnick SJ, Wnuk SF, Rapp M, Escalon E and Ramachandran C (2009). 
Isolation and characterization of an anticancer catechol compound from Semecarpus 
anacardium. Journal of Ethnopharmacology 122:450-456. 
 
Nam N, Lee C, Hong D, Kim H, Bae K and Ahn B (2003). Antiinvasive, 
antiangiogenic and antitumour activity of Ephedra sinica extract. Phytotherapy 
Research 17:70-76. 
 
Nangia-Makker P, Tait L, Shekhar MPV, Palomino E, Hogan V, Piechocki MP, 
Funasaka T and Raz A (2007). Inhibition of breast tumor growth and angiogenesis by 
a medicinal herb: Ocimum gratissimum. International Journal of Cancer 121:884-894.  
 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 43 
 
Newman DJ, Cragg GM and Snader KM (2003). Natural products as sources of new 
drugs over the period 1981-2002. Journal of Natural Products 66:1022-1037. 
 
Onay-Ucar E, Karagoz A and Arda N (2006). Antioxidant activity of Viscum album 
ssp. album. Fitoterapia 77:556-560. 
 
Padmavathi B, Rath PC, Rao AR and Singh RP (2005). Roots of Withania somnifera 
inhibit forestomach and skin carcinogenesis in mice. Evidence-Based Complementary 
and Alternative Medicine 2:99-105. 
 
Pezzuto JM (1997). Plants-derived anticancer agents. Biochemical Pharmacology 
53:121-133.  
 
Pietarinen SP, Willfor SM, Ahotupa MO, Hemming JE and Holmbom BR (2006). 
Knotwood and bark extracts: strong antioxidants from waste materials. Journal of 
Wood Sciences 52:436-444. 
 
Prasad KN, Ashok G, Raghu C, Shivamurthy GR, Vijayan P and Aradhya SM (2005). 
In vitro cytotoxic properties of Ipomoea aquatica leaf. Indian Journal of 
Pharmacology 37:397-398. 
 
Prince PSM and Menon VP (1999). Antioxidant activity of Tinospora cordifolia roots 
in experimental diabetes. Journal of Ethnopharmacology 65:277-281. 
 
Raghu C, Ashok G, Dhanaraj SA, Suresh B and Vijayan P (2004). In vitro cytotoxic 
activity of Lantana camara Linn. Indian Journal of Pharmacology 36:94-95.  
 
Rajendran P, Ekambaram G and Sakthisekaran D (2008). Effect of mangiferin on 
benzo(a)pyrene induced lung carcinogenesis in experimental Swiss albino mice. 
Natural Product Research 22:672-680. 
 
Rajkapoor B, Jayakar B and Murugesh N (2004). Antitumor activity of Indigofera 
aspalathoides on Ehrlich ascites carcinoma in mice. Indian Journal of Pharmacology 
36:38-40.   
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 44 
 
Rao SK, Rao PS and Rao BN (2008). Preliminary investigation of the radiosensitizing 
activity of guduchi (Tinospora cordifolia) in tumor bearing Mice. Phytotherapy 
Research 22:1482-1489.  
 
Rastogi S, Shukla Y, Paul BN, Chowdhuri DK, Khanna SK and Das M (2007). 
Protective effect of Ocimum sanctum on 3-methylcholanthrene, 7, 12-
dimethylbenz(a)anthracene and aflatoxin B1 induced skin tumorigenesis in mice. 
Toxicology and Applied Pharmacology 224:228-240. 
 
Reddy DB, Reddy TCM, Jyotsna G, Sharan S, Priya N, Lakshmipathi  and Reddanna 
P (2009). Chebulagic acid, a COX-LOX dual inhibitor isolated from the fruits of 
Terminalia chebula Retz., induces apoptosis in COLO-205 cell line. Journal of 
Ethnopharmacology 124:506-512. 
 
Reddy VVS and Sirsi M (1969). Effect of Abrus precatorius L. on experimental 
tumors. Cancer Research 29:1447-1451. 
 
Rohini G and Devi CSS (2008). Bacopa monniera extract induces apoptosis in murine 
sarcoma cells (S-180). Phytotherapy Research 22:1595-1598. 
 
Samuelsson G (1999). Drugs of Natural Origin. A Textbook of Pharmacognosy. 4
th
 
Ed., Stockholm, Swedish Pharmaceutical Press. 
 
Sharma PR, Shanmugavel M, Saxena AK and Qazi GN (2008). Induction of apoptosis 
by a synergistic lignan composition from Cedrus deodara in human cancer cells. 
Phytotherapy Research 22:1587-1594. 
 
Sharma PR, Mondhe DM, Muthiah S, Pal HC, Shahi AK, Saxena AK and Qazi GN 
(2009). Anticancer activity of an essential oil from Cymbopogon flexuosus. Chemico-
Biological Interactions 179:160-168. 
 
Shoeb M (2006). Anticancer agents from medicinal plants. Bangladesh Journal of 
Pharmacology 1:35-41. 
 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 45 
 
Shukla Y, Prasad S, Tripathi C, Singh M, George J and Kalra N (2007). In vitro and 
in vivo modulation of testosterone mediated alterations in apoptosis related proteins 
by [6]-gingerol. Molecular Nutrition and Food Research 51:1492-1502.  
 
Simard F, Legault J, Lavoie S, Mshvildadze V and Pichette A (2008). Isolation and 
identification of cytotoxic compounds from the wood of Pinus resinosa. Phytotherapy 
Research 22:919-922. 
 
Singh R and Gupta AK (2008). Antimicrobial and antitumor activity of the 
fractionated extracts of kalimusli (Curculigo orchioides). International Journal of 
Green Pharmacy 2:34-36. 
 
Sivakumar R and Alagesaboopathi C (2008).Studies on cytotoxicity and antitumor 
screening of red and white forms of Abrus precatorius L.  African Journal of 
Biotechnology 7:3984-3988. 
 
Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JT, 
Bokesch H, Kenney S and Boyd MR (1990). New colorimetric cytotoxicity assay for 
anticancer-drug screening. Journal of National Cancer Institute 82:1107-1112.    
 
Son JK, Jung SJ, Jung JH, Fang Z, Lee CS, Seo CS, Moon DC, Min BS, Kim MR and 
Woo MH (2008). Anticancer constituents from the roots of Rubia cordifolia L. 
Chemical and Pharmaceutical Bulletin 56:213-216. 
 
Stoilova I, Krastanov A, Stoyanova A, Denev P and Gargova S (2007). Antioxidant 
activity of a ginger extract (Zingiber officinale). Food Chemistry 102:764-770. 
 
Sultana S, Ahmed S and Jahangir T (2008). Emblica officinalis and 
hepatocarcinogenesis: A chemopreventive study in Wistar rats. Journal of 
Ethnopharmacology 118:1-6. 
 
Sundararajan P, Dey A, Smith A, Doss AG, Rajappan M and Natarajan S (2006). 
Studies of anticancer and antipyretic activity of Bidens pilosa whole plant. African 
Health Sciences 6:27-30. 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 46 
 
Surh Y (2003). Cancer chemoprevention with dietary phytochemicals. Nature 
Reviews Cancer 3:768-780. 
 
Swamy SMK and Tan BKH (2000). Cytotoxic and immunopotentiating effects of 
ethanolic extract of Nigella sativa L. seeds. Journal of Ethnopharmacology 70:1-7. 
 
Szewczuk VD, Mongelli ER and Pomilio AB (2006). In vitro anthelmintic activity of 
Melia azedarach naturalized in Argentina. Phytotherapy Research 20:993-996.  
 
Tan G, Gyllenhaal C and Soejarto DD (2006). Biodiversity as a source of anticancer 
drugs. Current Drug Targets 7:265-277. 
 
Tannin-Spitz T, Bergman M and Grossman S (2007a). Cucurbitacin glucosides: 
Antioxidant and free-radical scavenging activities. Biochemical and Biophysical 
Research Communications 364:181-186.  
 
Tannin-Spitz T, Grossman S, Dovrat S, Gottlieb HE and Bergman M (2007b). Growth 
inhibitory activity of cucurbitacin glucosides isolated from Citrullus colocynthis on 
human breast cancer cells. Biochemical Pharmacology 73:56-67.  
 
Tiwari AK, Srinivas PV, Kumar SP and Rao JM (2001). Free radical scavenging 
active components from Cedrus deodara. Journal of Agricultural and Food Chemistry 
49:4642-4645. 
 
Tomosaka H, Chin Y, Salim AA, Keller WJ, Chai H and Kinghorn AD (2008). 
Antioxidant and cytoprotective compounds from Berberis vulgaris (Barberry). 
Phytotherapy Research 22:979-981. 
 
Unnikrishnan MC and Kuttan R (1998). Cytotoxicity of extracts of spices to cultured 
cells. Nutrition and Cancer 11:251-257. 
 
Venukumar MR and Latha MS (2002). Antioxidant activity of Curculigo orchioides 
in carbon tetrachloride induced hepatopathy in rats. Indian Journal of Clinical 
Biochemistry 17:80-87. 
Chapter 2: Review of Literature 
 
Ph. D. Thesis Page 47 
 
Verma AR, Vijayakumar M, Mathela CS and Rao CV (2009). In vitro and in vivo 
antioxidant properties of different fractions of Moringa oleifera leaves. Food and 
Chemical Toxicology 47:2196-2201. 
 
Verma M, Singh SK, Bhushan S, Sharma VK, Datt P, Kapahi BK and Saxena AK 
(2008). In vitro cytotoxic potential of Polyalthia longifolia on human cancer cell lines 
and induction of apoptosis through mitochondrial-dependent pathway in HL-60 cells. 
Chemico-Biological Interactions 171:45-56. 
 
Visavadiya NP and Narasimhacharya AVRL (2007). Hypocholesteremic and 
antioxidant effects of Withania somnifera (Dunal) in hypercholesteremic rats. 
Phytomedicine 14:136-142. 
 
Wu S, Ji Y, Zhu J, Zhao Y, Xia G, Hu Y and Hu J (2009). Steroids from the leaves of 
Chinese Melia azedarach and their cytotoxic effects on human cancer cell lines. 
Steroids 74:761-765.  
 
Yan R, Gao S, Yang W, Cao M, Wang S and Chen F (2008). Nickel toxicity induced 
antioxidant enzyme and phenylalanine ammonia-lyase activities in Jatropha curcas L. 
cotyledons. Plant, Soil and Environment 54:294-300.  
 
Yoshida T, Chou T, Nitta A, Miyamoto K, Koshiura R and Okuda T (1990). 
Woodfordin C, a Micro-ring hydrolyzable tannin dimer with antitumor activity, and 
accompanying dimmers from Woodfordia fruticosa flowers. Chemical and 
Pharmaceutical Bulletin 38:1211-1217. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 3 
 
MATERIAL AND 
METHODS 
 
 
P H . D .  T H E S I S ,  D E P A R T M E N T  O F  B I O S C I E N C E S ,  S A U R A S H T R A  U N I V E R S I T Y ,  
R A J K O T   
CHAPTER 3: MATERIAL AND METHODS 
 
 
Ph. D. Thesis  Page 48 
 
3.1 COLLECTION AND IDENTIFICATION OF PLANT MATERIAL 
 
The fresh stem of Cissus quadrangularis L. was collected from Jamnagar, Gujarat, in 
August, 2009.  The plant was compared with voucher specimen (voucher specimen 
No. PSN127) deposited at Department of Biosciences, Saurashtra University, Rajkot. 
The stem was washed thoroughly with tap water, shade dried, homogenized to fine 
powder and stored in airtight bottles. The fresh and mature stem was used for 
pharmacognostic study. 
 
3.2 PHARMACOGNOSTIC STUDIES  
 
3.2.1 Macroscopic characteristics 
 
For morphological observations, fresh stem (approx. 3-4 cm in length) was used. The 
macromorphological feature of stem was observed under magnifying lens (Tyler et 
al., 1977).  
 
3.2.2 Microscopic characteristics  
 
Free hand section of stem was taken and stained by the reagent safranine to confirm 
its lignification. Powder microscopy was also carried out and their specific diagnostic 
characters were recorded (Khandelwal, 2008). 
 
3.3 PREPARATION OF THE EXTRACT 
 
Ten grams of dried powder of C. quadrangularis stem was extracted in 150 ml 
methanol using a Soxhlet apparatus. The extract was concentrated and freed of 
solvent under reduced pressure, using rotary vacuum evaporator (Equitron, India) to 
dryness. The dried crude concentrated extract was weighed to calculate the extractive 
yield and stored in a refrigerator (4°C) in air tight bottles, until used for analysis. The 
percentage yield of methanol extract (ME) was 11.76 %. Fractionation of the ME was 
done by solvent-solvent partition (Tang et al., 2010). Five grams of ME was dissolved 
in 200 ml hot methanol. Slight precipitation obtained was discarded as methanol 
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insoluble matter. The methanol soluble fraction was filtered and collected. It was 
concentrated to about 50 ml volume and ethyl acetate was added to it, till faint 
turbidity was obtained. Then it was allowed to settle down in a refrigerator. The 
settled gelatinous reddish mass and supernatant was separated and collected 
separately. The supernatant was further concentrated and ethyl acetate step was 
repeated till reddish gelatinous mass was obtained. All the settled mass was collected 
together and dissolved in methanol. It was concentrated further to dryness and 
designated as Fraction I (FS I). The yield of FS I was 46.1 %. The collected 
supernatant was concentrated further to near dryness and then dissolved in methanol. 
Then chloroform was added to it and cooled. Light yellow waxy sediment was 
separated and light buff coloured supernatant was collected. This supernatant was 
concentrated further to dryness and designated as Fraction II (FS II). The yield of FS 
II was 15.54 %, which was less than FS I. 
 
3.4 PHYSICOCHEMICAL ANALYSIS  
 
The following physicochemical parameters were carried out (WHO, 2002; The 
Ayurvedic Pharmacopoeia of India 2008; Vaghasiya et al., 2008) in dried powder and 
ME of C. quadrangularis stem. 
 
3.4.1 Determination of loss on drying 
 
Two grams of crude powder of C. quadrangularis stem was taken in an evaporating 
dish and then dried in an oven at 105 ºC till constant weight was obtained. The weight 
after drying was noted and loss on drying was calculated. The percentage was 
calculated on the basis of sample taken initially (WHO, 2002). 
 
3.4.2 Determination of total ash 
 
Two grams of dried powder of C. quadrangularis stem was taken in a silica crucible 
and heated gradually increasing the heat to 500 °C until it was white, indicating the 
absence of carbon. Ash was cooled in a desiccator and weighed without delay. Total 
ash value was calculated as mg/g of air-dried material (WHO, 2002). 
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3.4.3 Determination of acid insoluble ash 
 
25 ml of hydrochloric acid (70 g/L) was added to the crucible containing total ash. It 
was covered with a watch-glass and heated gently for 5 min to boil. The watch-glass 
was rinsed with 5 ml of hot water and this liquid was added to the crucible. The 
insoluble matter was collected on an ashless filter paper and it was washed with hot 
water until the filter was neutral. The filter paper containing the insoluble matter was 
transferred to the original crucible; it was dried on a hot plate and heated till constant 
weight was obtained. The residue was allowed to cool in a desiccator for 30 min and 
then weighed without delay. Acid insoluble ash was calculated as mg/g of air dried 
material (WHO, 2002). 
 
3.4.4 Determination of water soluble ash 
 
To the crucible containing the total ash, 25 ml of water was added and boiled for 5 
min. The insoluble matter was collected on an ashless filter paper. It was washed with 
hot water and heated in a crucible for 15 min. Weight of insoluble matter was 
subtracted from the weight of total ash. The content of water soluble ash was 
calculated as mg/g of air dried material (WHO, 2002). 
 
3.4.5 Determination of petroleum ether soluble extractive value 
 
Five grams of dried powder of C. quadrangularis stem was taken in 100 ml of 
petroleum ether in a conical flask, plugged with cotton wool and then kept on a rotary 
shaker at 120 rpm for 24 h. Thereafter, it was filtered and the filtrate was evaporated 
to dryness at 105 °C till constant weight was obtained. The percentage of extractable 
matter was calculated with reference to the sample taken initially (WHO, 2002). 
 
3.4.6 Determination of ethyl acetate soluble extractive value 
 
Five grams of dried powder of C. quadrangularis stem was taken in 100 ml of ethyl 
acetate in a conical flask, plugged with cotton wool and then kept on a rotary shaker 
at 120 rpm for 24 h. Thereafter, it was filtered and the filtrate was evaporated to 
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dryness at 105 °C till constant weight was obtained. The percentage of extractable 
matter was calculated with reference to the sample taken initially (WHO, 2002). 
 
3.4.7 Determination of acetone soluble extractive value 
 
Five grams of dried powder of C. quadrangularis stem was taken in 100 ml of 
acetone in a conical flask, plugged with cotton wool and then kept on a rotary shaker 
at 120 rpm for 24 h. Thereafter, it was filtered and the filtrate was evaporated to 
dryness at 105 °C till constant weight was obtained. The percentage of extractable 
matter was calculated with reference to the sample taken initially (WHO, 2002). 
 
3.4.8 Determination of methanol soluble extractive value 
 
Five grams of dried powder of C. quadrangularis stem was taken in 100 ml of 
methanol in a conical flask, plugged with cotton wool and then kept on a rotary shaker 
at 120 rpm for 24 h. Thereafter, it was filtered and the filtrate was evaporated to 
dryness at 105 °C till constant weight was obtained. The percentage of extractable 
matter was calculated with reference to the sample taken initially (WHO, 2002).  
 
3.4.9 Determination of water soluble extractive value 
 
Five grams of dried powder of C. quadrangularis stem was taken in 100 ml of water 
in a conical flask, plugged with cotton wool and then kept on a rotary shaker at 120 
rpm for 24 h. Thereafter, it was filtered and the filtrate was evaporated to dryness at 
105 °C till constant weight was obtained. The percentage of extractable matter was 
calculated with reference to the sample taken initially (WHO, 2002). 
 
3.4.10 Solubility 
 
The quantitative solubility test of ME of C. quadrangularis stem was determined in 
different solvents. Five mg of extract was weighed for solubility test for different 
solvents. The extract was added in each solvent till it was saturated. The solubility 
was calculated in mg/ml. 
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3.4.11 Determination of pH value 
 
The ME of C. quadrangularis stem was dissolved in distilled water and was kept in a 
water bath for 20 min. It was then filtered and the pH of the filtrate was noted with the 
help of pH meter (Toshniwal Inst. Mfg. Pvt. Ltd. Ajmer). 
 
3.5 PHYTOCHEMICAL ANALYSIS 
 
3.5.1 Qualitative phytochemical analysis 
 
Qualitative chemical tests were carried out for crude powder and ME, to identify 
different phyto-constituents (Harborne, 1973; Parekh and Chanda 2007). 
 
3.5.1.1 Alkaloids 
 
The crude powder and ME of C. quadrangularis stem was dissolved in 2 N HCl. The 
mixture was filtered and the filtrate was divided into 3 equal portions. One portion 
was treated with few drops of Mayer's reagent; one portion was treated with equal 
amount of Dragondroff’s reagent and the other portion was treated with an equal 
amount of Wagner's reagent. The creamish precipitate, orange precipitate and brown 
precipitate indicated the presence of respective alkaloids (Salehi-Surmaghi et al., 
1992). 
 
3.5.1.2 Flavonoids 
 
Shinoda test 
 
The presence of flavonoids was estimated by Shinoda test. The crude powder and ME 
of C. quadrangularis stem was treated with a few drops of concentrated HCl and 
magnesium ribbon. The appearance of pink or tomato red colour within a few minutes 
indicated the presence of flavonoids (Somolenski et al., 1972). 
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Alkaline reagent test  
 
The crude powder and ME of C. quadrangularis stem was treated with a few drops of 
diluted sodium hydroxide (NaOH) separately. Formation of intense yellow color 
which turned colorless on addition of a few drops of diluted HCl indicated the 
presence of flavonoids. 
 
3.5.1.3 Cardiac glycosides 
 
Keller-kiliani test was performed for checking the presence of cardiac glycosides. The 
crude powder and ME of C. quadrangularis stem was treated with 1 ml mixture of 5 
% FeCl3 and glacial acetic acid (1:99 v/v). To this solution, a few drops of 
concentrated H2SO4 were added. Appearance of greenish blue color within a few 
minutes indicated the presence of cardiac glycosides (Ajaiyeoba, 2002). 
 
3.5.1.4 Phlobatanins 
 
The crude powder and ME of C. quadrangularis stem was boiled with 1 % aqueous 
HCl. Deposition of red precipitate was taken as an evidence for the presence of 
phlobatanins (Harborne, 1973). 
 
3.5.1.5 Saponins 
 
The presence of saponins was determined by Frothing test. The crude powder and ME 
of C. quadrangularis stem was vigorously shaken with distilled water and was 
allowed to stand for 10 min and classified for saponin content as follows: no froth 
indicates absence of saponins and stable froth of more than 1.5 cm indicated the 
presence of saponins (Kapoor et al., 1969). 
 
3.5.1.6 Steroids 
 
Liebermann-Burchard reaction was performed for checking the presence of steroids. 
A chloroformic solution of the crude powder and ME of C. quadrangularis stem was 
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treated with acetic anhydride and a few drops of concentrated H2SO4 were added 
down the sides of test tube. A blue green ring indicated the presence of steroids.  
 
3.5.1.7 Tannins 
 
The crude powder and ME of C. quadrangularis stem was treated with alcoholic 
ferric chloride (FeCl3) reagent. Blue color indicated the presence of tannins 
(Segelman et al., 1969).  
 
3.5.1.8 Triterpenes 
 
Chloroform extract of the crude powder and ME of C. quadrangularis stem was 
treated with concentrated sulphuric acid (H2SO4). Appearance of reddish brown ring 
indicated the presence of triterpenes (Harborne, 1973). 
 
3.5.2 Quantitative phytochemical analysis 
 
3.5.2.1 Determination of total phenol content 
 
The amount of total phenol content of ME of C. quadrangularis stem and its fractions 
were determined by Folin-Ciocalteu’s reagent method (McDonald et al., 2001). The 
extract (0.5 ml) and 0.1 ml of Folin-Ciocalteu’s reagent (0.5 N) were mixed and the 
mixture was incubated at room temperature for 15 min. Then, 2.5 ml saturated sodium 
carbonate was added and further incubated for 30 minute at room temperature and the 
absorbance was measured at 760 nm using a digital spectrophotometer (Systronic, 
India), against a blank sample. The calibration curve was made by preparing gallic 
acid (10 to 100 µg/ml) solution in distilled water. Total phenolic content is expressed 
in terms of gallic acid equivalent (mg/g of extracted compounds). 
 
3.5.2.2 Determination of flavonoid content 
 
The amount of flavonoid content of ME of C. quadrangularis stem and its fractions 
were determined by Aluminium chloride colorimetric method (Chang et al., 2002). 
The reaction mixture (3.0 ml) consisted of 1.0 ml sample (1 mg/ml), 1.0 ml methanol, 
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0.5 ml aluminium chloride (1.2 %) and 0.5 ml potassium acetate (120 mM) and was 
incubated at room temperature for 30 min. The absorbance was measured at 415 nm 
using a digital spectrophotometer (Systronic, India), against a blank sample. The 
calibration curve was made by preparing quercetin (5 to 60 µg/ml) solution in 
methanol. The flavonoid content is expressed in terms of quercetin equivalent (mg/g 
of extracted compounds). 
 
3.5.2.3 Extraction of crude alkaloid content 
 
Two gram of dried powder was taken in 100 ml flask and 40 ml 20 % glacial acetic 
acid in methanol was added to it and was allowed to stand for 4 h at room 
temperature. This was filtered and the extract was concentrated in a water bath to one 
quarter of the original volume. Concentrated ammonium hydroxide (25 %) was added 
drop wise to the extract until the precipitation was complete. Then it was taken in a 
separating funnel and an equal volume of chloroform was added. It was washed with 
distilled water three times to make the pH neutral. Sodium sulphate (Na2SO4) was 
added to remove moisture. It was filtered and dried. Crude alkaloid content was 
collected and weighed. Crude alkaloid content is expressed in mg/g of dried stem 
powder (Djilani et al., 2006). 
 
3.6 IN VITRO ANTIOXIDANT ASSAYS 
 
The antioxidant activity of the methanol extract (ME) and its fractions (FS-I and 
FS-II) was evaluated by DPPH free radical, superoxide anion radical, ABTS radical 
cation, hydroxyl radical scavenging assays, ferric reducing antioxidant power and 
reducing capacity assessment. 
 
3.6.1 Determination of 2, 2-diphenyl-1-picrylhydrazyl (DPPH
•
) free radical 
scavenging activity 
  
The free radical scavenging activity of ME of C. quadrangularis stem and its 
fractions was measured by using DPPH by the modified method described by Mc 
Cune and Johns (2002). The reaction mixture 3.0 ml consisting of 1.0 ml methanol, 
1.0 ml DPPH (0.3 mM) and 1.0 ml of ME of C. quadrangularis stem and its fractions 
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(different concentrations) diluted by methanol, was incubated for 10 min, in dark, 
after which the absorbance was measured at 517 nm using digital spectrophotometer 
(Systronic, India), against a blank sample. Ascorbic acid (2 to 16 µg/ml) was used as 
positive control (Liu et al., 2011). The percentage inhibition was determined by 
comparing the results of the test and the control. Percentage of inhibition was 
calculated using the formula: 
 
% Inhibition = [1 - (A/B)] × 100 
 
Where, B is the absorbance of the blank (DPPH plus methanol) and A is absorbance 
of the sample (DPPH, methanol, plus sample). 
 
3.6.2 Determination of superoxide anion radical scavenging activity  
 
The superoxide anion radical scavenging activity of ME of C. quadrangularis stem 
and its fractions was measured following the method described by Robak and 
Gryglewski (1988). Superoxide radicals are generated by oxidation of NADH and 
assayed by the reduction of NBT. The reaction mixture 3.0 ml consisted of 1.0 ml 
MEof C. quadrangularis stem and its fractions (different concentrations) diluted by 
distilled water, 0.5 ml Tris HCl buffer (16 mM, pH 8), 0.5 ml NBT (0.3 mM), 0.5 ml 
NADH (0.93 mM) and 0.5 ml PMS (0.12 mM). The superoxide radical generating 
reaction was started by the addition of PMS solution to the mixture. The reaction 
mixture was incubated at 25 ºC for 5 min and then the absorbance was measured at 
560 nm using digital spectrophotometer (Systronic, India), against a blank sample. 
Gallic acid (50 to 225 µg/ml) was used as a positive control (Robak and Gryglewski, 
1988). Percentage of inhibition was calculated as described earlier. 
 
3.6.3 Determination of 2, 2’-Azino-bis-(3-ethyl) benzothiazoline-6-sulfonic acid 
(ABTS) radical cation scavenging activity 
 
The ABTS radical cation scavenging activity of ME of C. quadrangularis stem and its  
fractions was determined by the method described by Re et al. (1999). ABTS radical 
cations are produced by reaction of ABTS (7 mM) with potassium persulfate (2.45 
mM) and incubating the mixture at room temperature in dark for 16 h. The working 
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solution obtained was further diluted with methanol to give an absorbance of 0.85 ± 
0.20. 1.0 ml of ME of C. quadrangularis stem and its fractions (different 
concentrations) diluted by methanol was added to 3.0 ml of ABTS working solution. 
The reaction mixture was incubated at room temperature for 4 min and then the 
absorbance was measured at 734 nm using digital spectrophotometer (Systronic, 
India), against a blank sample. Ascorbic acid (1 to 10 µg/ml) was used as a positive 
control (Zhou et al., 2011). Percentage of inhibition was calculated as described 
earlier. 
 
3.6.4 Determination of hydroxyl (
•
OH) radical scavenging activity  
 
The hydroxyl radical scavenging activity was measured by studying the competition 
between deoxyribose and test compound for hydroxyl radical generated by           
Fe
+3–Ascorbic acid–EDTA–H2O2 system (Fenton reaction) according to the method 
described by Kunchandy and Rao (1990). The reaction mixture (1.0 ml) consisting of 
0.1 ml 2-deoxy-D-ribose (28 mM in 20 mM KH2PO4–KOH buffer, pH 7.4), 0.5 ml of 
the different concentrations (200 to 1,000 μg/ml) of ME of C. quadrangularis stem 
and its fractions diluted by distilled water, 0.2 ml EDTA (1.04 mM) and 200 μM 
FeCl3 (1:1 v/v), 0.1 ml H2O2 (1.0 mM) and 0.1 ml ascorbic acid (1.0 mM), was 
incubated at 37 °C for 1 h. Then 1.0 ml TBA (1 %) and 1.0 ml TCA (2.8 %) were 
added and incubated at 100 °C for 20 min. After cooling, absorbance of pink color 
was measured at 532 nm using a digital spectrophotometer (Systronic, India), against 
a blank sample. Gallic acid (20 to 200 μg/ml) was used as a positive control 
(Kunchandy and Rao, 1990). Percentage of inhibition was calculated as described 
earlier. 
 
3.6.5 Ferric reducing antioxidant power (FRAP) 
 
The reducing ability of ME of C. quadrangularis stem and its fractions was 
determined by FRAP assay (Benzie and Strain, 1996). FRAP assay is based on the 
ability of antioxidants to reduce Fe
3+
 to Fe
2+ 
in the presence of TPTZ, forming an 
intense blue Fe
2+
-TPTZ complex with an absorption maximum at 593 nm. This 
reaction is pH-dependent (optimum pH 3.6). 0.1 ml extract is added to 3.0 ml FRAP 
reagent [10 parts 300 mM sodium acetate buffer at pH 3.6, 1 part 10 mM TPTZ 
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(2,4,6- tripyridyl-s-triazine) in 40 mM HCl and 1 part 20 mM FeCl3] and the reaction 
mixture is incubated at 37 °C for 10 min and then the absorbance was measured at 
593 nm. FeSO4 (100 to 1000 µM/ml) was used as a positive control (Thondre et al., 
2011). The antioxidant capacity based on the ability to reduce ferric ions of sample 
was calculated from the linear calibration curve and expressed as M FeSO4 
equivalents per gram of extracted compound.  
 
3.6.6 Reducing capacity assessment  
 
The reducing capacity of ME of C. quadrangularis stem and its fractions was 
determined using the modified method described by Athukorala et al. (2006). 1.0 ml 
of different concentrations (20 to 180 μg/ml) of ME of C. quadrangularis stem and its 
fractions diluted by distilled water was mixed with 2.5 ml phosphate buffer (200 mM, 
pH 6.6) and 2.5 ml K3Fe(CN)6 (30 mM). The mixture was then incubated at 50 °C for 
20 min. Thereafter, 2.5 ml of TCA (600 mM) was added to the reaction mixture and 
then centrifuged for 10 min at 3,000 rpm. The upper layer of solution (2.5 ml) was 
mixed with 2.5 ml distilled water and 0.5 ml FeCl3 (6 mM), and the absorbance was 
measured at 700 nm using a digital spectrophotometer (Systronic, India), against a 
blank sample. Ascorbic acid (20 to 180 μg/ml) was used as positive control (Kumar et 
al., 2011). 
 
3.7 SPECTRAL ANALYSIS  
 
3.7.1 Ultraviolet visible absorption (UV) 
 
The ME of C. quadrangularis and its fractions was analyzed in UV-Visible range 
between 200-800 nm using UV-Visible Spectrophotometer (UV-1800, Shimadzu).  
This method is useful for analyzing organic compounds viz. ketones, dienes etc.  
 
3.7.2 IR spectroscopy  
 
Infrared spectroscopy is one of the powerful analytical techniques which offer the 
possibility of chemical identification. The technique is based on the simple fact that 
chemical substance shows selective absorption in infrared region. After absorption of 
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IR radiations, the molecules vibrate, giving rise to absorption spectrum. It is an 
excellent method for the qualitative analysis because except optical isomers, the 
spectrum of compound is unique. It is most useful for the identification of purity and 
gross structural details. This method is useful in the field of natural products, forensic 
chemistry and in industrial analysis of competitive products. The IR spectra of ME of 
C. quadrangularis stem and its fractions was scanned on FT-IR-Shimadzu-8400 over 
the frequency range from 4000-400 cm
-1
. IR spectral analysis was done at 
Pharmaceutical Science, Saurashtra University, Rajkot, Gujarat. 
 
3.7.3 GC-MS Spectroscopy 
 
GC-MS analysis of ME of C. quadrangularis and its fractions was performed using 
GC-MS instrument (GCMS-QP-2010) equipped with glass column SGE BPX5 and 
capillary dimension 30 m x 0.25 mm x 0.25 μ. The oven temperature was 
programmed from 80-260 °C. Inlet and interface temperature were 250 °C and 200 °C 
respectively. Carrier gas was helium at a flow rate of 1.0 ml/min. Ion source 
temperatures were maintained at 200 °C and spectra were measured. GC-MS spectral 
analysis was dose at Central Salt and Marine Chemicals Research Institute 
(CSMCRI), Bhavnagar, Gujarat, India. 
 
3.7.4 HPTLC fingerprinting 
 
CAMAG HPTLC system equipped with Linomat 5 applicator, TLC scanner 3, 
reprostar 3 with 12 bit CCD camera for photo documentation, controlled by 
WinCATS-4 software were used. All the solvents used for HPTLC analysis were 
obtained from MERCK. A total of 100 mg ME and its fractions was dissolved in 5 ml 
of methanol and used for HPTLC analysis as test solution. The samples (10 µl) were 
spotted in the bands of width 8 mm with a Camag microlitre syringe on pre-coated 
silica gel glass plate 60F-254. The sample loaded plate was kept in TLC twin trough 
developing chamber (after saturated with Solvent vapor) with respective mobile phase 
and the plate was developed up to 83 mm in the respective mobile phase. The 
Toluene-Ethyl acetate-Glacial acetic acid (8:2:0.1) was employed as mobile phase for 
extract. Linear ascending development was carried out in 20 cm X 10 cm twin trough 
glass chamber saturated with the mobile phase and the chromatoplate development 
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with the same mobile phase to get good resolution of phytochemical contents. The 
optimized chamber saturation time for mobile phase was 30 min at room temperature. 
The developed plate was dried by hot air to evaporate solvents from the plate. The 
plate was photo-documented at UV 366 nm and white light using photo 
documentation chamber. Finally, the plate was fixed in scanner stage and scanning 
was done at 366 nm. The plate was kept in photo-documentation chamber and 
captured the images under white light, UV light at 254 and 366 nm. Densitometric 
scanning was performed on Camag TLC scanner III and operated by CATS software 
(V 3.15, Camag). The HPTLC fingerprinting of the ME of C. quadrangularis and its 
fractions were carried out at Pharmaceutical Science, Saurashtra University, Rajkot, 
Gujarat.  
 
3.8 ANTICANCER ACTIVITY 
 
Requirements  
 
Growth medium with 10 % FCS, Growth medium with 5 % FCS 
Trypsin (0.25 % + EDTA, 1 mM, in PBS) 
MTT: 3-(4, 5-dimethylthiazol-2-yl)-2, 5-dephenyltetrazolium bromide (Sigma), 5 
mg/ml, filter sterilized, dissolved in PBS  
Dimethyl sulfoxide (DMSO) 
Dulbecco’s modified eagle’s medium (DMEM) 
 
3.8.1 Cell culture 
 
The human lung adenocarcinoma epithelial cell line A549 and human cervical 
carcinoma cell line HeLa were cultured in RPMI1640 supplemented with 10 % FBS 
and incubated in humidified atmosphere of 5 % CO2 and 37 °C. The culture medium 
was changed every two days. 
 
3.8.2 Cell viability assay  
 
The MTT assay, based on the conversion of the yellow tetrazolium salt-MTT, to 
purple-formazan crystals by metabolically active cells, provides a quantitative 
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determination of viable cells (Mosmann, 1983). Cells were plated on to 96 well plates 
at a cell density of 2×10
5
 mL
-1
 per well in 100 µL of (Rosewell park memorial 
institute 1640) RPMI 1640 and allowed to grow in a CO2  incubator for 24 h (37 °C, 5 
% CO2). After 24 h, ME of C. quadrangularis and its fractions (0.1, 1, 10 and 50 
µg/ml) dissolved in DMSO was added to each well and incubated for 48 h. The 
control groups received the same amount of DMSO. Doxorubicin (0.01, 0.1, 0.5 and 1 
µg/ml) was used as positive control. The cells were incubated for 24-48 h (37 °C, 5 % 
CO2). Then, 100 µL MTT ([3- (4, 5-dimethylthiazol-yl)-2, 5-diphenyltetrazolium 
bromide]) solution (0.5 mg/mL in Dulbecco’s modified eagle’s medium) was added to 
each well and incubated for 3 h. Growth of tumoral cells was quantified by ability of 
living cells to reduce the yellow dye MTT to a blue formazan product. The formazan 
product of MTT reduction was dissolved in DMSO. The medium was removed and 
100 µL DMSO was added to each well to dissolve the MTT metabolic product. Then 
the plate was shaken at 150 rpm for 5 min and the optical density was measured at 
570 nm. Percentage inhibitions [100 - (absorbance of test wells/absorbance of control 
wells) 100] were calculated and plotted against the concentrations used to calculate 
the IC50 values.  
 
3.9 IN VIVO ANTIOXIDANT STUDY 
 
Experimental animals 
 
Wistar albino rats of both sexes were obtained from the animal house of Sun 
Pharmaceutical Industries Ltd, Vadodara. Animal colonies were maintained at 
Department of Biosciences, Saurashtra University, Rajkot. Animals were fed with 
commercial rat and mice food supplied by Pranav Agro Industries Ltd., Amrut Brand, 
Vadodara and water ad-libitum. They were maintained in a 12 h light/dark cycle at    
25 ± 2 ºC. The study was approved by CPCSEA approved local ethical committee.  
 
3.9.1 CCl4 induced stress model 
 
Experiment design  
Wistar albino rats weighing between 200 and 250 g of either sex were used for 
antioxidant study. The animals were divided into 5 groups of 6 animals. Fresh drug 
solutions were prepared in 5 % Tween-80 at the time of administration.  
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Grouping for CCl4 induced stress model (Zafar and Ali, 1998) 
 
 Group I (Control): Animals received only 5 % Tween 80 in water for 5 days of 
the studies. 
 Group II (Toxin control): Animals received CCl4 (2 ml/kg, 1:1 in olive oil, 
i.p.) on the 3
rd
 and 4
th
 day. 
 Group III (FS-II-150): Animals received FS-II-150 mg/kg, body weight p.o. 
per day respectively for 5 days and on the 3
rd
 and 4
th
 day CCl4 (2 ml/kg, 1:1 in 
olive oil, i.p.) was given 1 h after the treatment of the extract. 
 Group IV (FS-II-300):  Animals received FS-II-300 mg/kg, body weight p.o. 
per day respectively for 5 days and on the 3
rd
 and 4
th
 day CCl4 (2 ml/kg, 1:1 in 
olive oil, i.p.) was given 1 h after the treatment of the extract. 
 Group V (Standard): Vitamin-E (50 mg/kg p.o.) for 5 days and on the 3rd and 
4
th
 day CCl4 (2 ml/kg, 1:1 in olive oil, i.p.) was given 1 h after the treatment of 
the drug. 
 
The animals were sacrificed 48 h after the last injection of CCl4 under mild ether 
anesthesia. The blood was collected and allowed to stand for 30 min at 37 °C and then 
centrifuged to separate the serum to estimate various biochemical parameters. 
 
3.9.2 Water immersion stress model 
 
Experiment design  
 
The stress was induced by water immersion according to method described by Basile 
et al. (1990) with few modifications. Wistar albino rats weighing between 200 and 
250 g of either sex were used for antioxidant study. The animals were divided into 3 
groups of 6 animals. Fresh drug solutions were prepared in 5 % Tween-80 at the time 
of administration.  
 
Grouping for water immersion stress model 
 
 Group I (Stress control): Animals received only 5 % Tween 80 (10 ml/kg, 
p.o.)  in water for 7 days of the studies. 
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 Group II (FS-II-150): Animals received FS-II-150 mg/kg, body weight p.o. 
per day respectively for 7 days 
 Group III (FS-II-300): Animals received FS-II-150 mg/kg, body weight p.o. 
per day respectively for 7 days 
 
Animals were fasted for 24 h prior to water immersion stress induction. Stress was 
induced by forced swimming in the transparent plastic cylinder (height 27 cm, 
diameter 15.5 cm) containing water to the height of 17 cm maintained at 25 ºC for 12 
h. After 12 h of water immersion stress, the animals under mild ether anesthesia, were 
sacrificed and the blood was collected and allowed to stand for 30 min at 37 °C and 
then centrifuged to separate the serum to estimate various biochemical parameters. 
 
In both the models, various in vivo antioxidant parameters were estimated from liver.  
The liver was quickly removed and perfused immediately with ice-cold saline (0.9% 
NaCl). A portion of the liver was homogenized in chilled Tris-HCl buffer (0.025 M, 
pH 7.4) using a homogenizer. The homogenate obtained was centrifuged at 5,000 rpm 
for 10 min, supernatant collected and used for analysis. 
 
3.9.3 Biochemical analysis from serum 
 
The absorbance of all the biochemical parameters was measured in a UV-VIS 
Spectrophotometer (Shimadzu, Tokyo, Japan). 
 
3.9.3.1 Estimation of total protein content 
 
The total serum protein was estimated by modified Biuret method (Gornall et al., 
1949) using the total protein test kit (Span Diagnostics Ltd.). 
 
Reagents 
Reagent I: Biuret Reagent (Copper sulphate, 7 mM/L; sodium hydroxide 200 mM/L; 
sodium potassium tartrate 20 mM/L; surfactant) 
Reagent II: Protein Standard (BSA, 6.5 g/dl) 
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Procedure 
 
3.0 ml of Reagent I was added to all the test tubes. Thereafter, 0.03 ml serum was 
added for the test and 0.03 ml Reagent II was added for the standard, while in blank 
0.03 ml of D/W was added. They were then mixed well and incubated at 37 ºC for 5 
min. The absorbance was read at 578 nm.  
 
3.9.3.2 Estimation of albumin content 
 
The serum albumin was estimated by the method given by Corcoran and Durnan 
(1977) using albumin test kit (Span Diagnostics Ltd.). 
 
Reagents 
 
Reagent I: Albumin reagent (Succinic acid, 37mM/L; Bromocresol green, 0.15 
mM/L; NaOH, 1mM; Buffer pH 3.68) 
Reagent II:  Albumin standard (BSA, 4 g/dl) 
 
Procedure 
 
3.0 ml of albumin reagent (Reagent I) was added to all the test tubes. Thereafter, 0.03 
ml serum was added for the test and 0.03 ml Reagent II was added for the standard, 
while in blank 0.03 ml of D/W was added. They were then mixed well and incubated 
at room temperature for 1 min. The absorbance was read at 630 nm.   
 
3.9.3.3 Estimation of glutamate pyruvate transaminase activity 
 
Serum glutamate pyruvate transaminase (SGPT) was estimated by the method of  
Reitman and Frankel (1957) using GPT test kit (Span Diagnostics Ltd.).  
 
Reagents 
 
Reagent I: Buffered Alanine α-KG substrate, pH 7.4 
Reagent II: DNPH colour reagent 
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Reagent III: Sodium Hydroxide, 4 N 
Reagent IV: Working Pyruvate Standard, 2 mM 
Solution I: Dilute 1 ml of Reagent III up to 10 ml of D/W 
 
 Procedure 
 
0.25 ml of Reagent I was added in clean test tubes and incubated at 37 ºC for 5 min. 
0.05 ml of serum was added in the test, 0.05 ml Reagent IV was added in the standard 
and 0.05 ml distilled water was added in the blank. They were mixed well and 
incubated at 37 ºC for 30 min. Thereafter, 0.25 ml of Reagent II was added to all the 
tubes, mixed well and allowed to stand at room temperature (15-30 ºC) for 20 min. 
Then 2.5 ml of Solution I was added to all the tubes, mixed well and allowed it to 
stand at room temperature (15-30 ºC) for 10 min. The absorbance of blank, standard 
and test were read at 505 nm. 
 
3.9.3.4 Estimation of glutamate oxaloacetate transaminase activity   
 
Serum glutamate oxaloacetate transaminase (SGOT) was estimated by the method of 
Reitman and Frankel (1957) using GOT test kit (Span Diagnostics Ltd.).  
 
Reagents 
 
Reagent I: Buffered Aspartate α-KG substrate, pH 7.4 
Reagent II: DNPH colour reagent 
Reagent III: Sodium Hydroxide, 4 N 
Reagent IV: Working Pyruvate Standard, 2 mM 
Solution I: Dilute 1 ml of Reagent III up to 10 ml of D/W 
 
Procedure 
 
0.25 ml of Reagent I was added in clean test tubes and incubated at 37ºC for 5 min. 
0.05 ml of serum was added in the test, 0.05 ml Reagent IV was added in standard and 
0.05 ml distilled water was added in the blank. They were mixed well and incubated 
at 37 ºC for 60 min. Thereafter, 0.25 ml of Reagent II was added to all the tubes, 
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mixed well and allowed to stand at room temperature (15-30 ºC) for 20 min. Then 2.5 
ml of Solution I was added to all the tubes, mixed well and allowed to stand at room 
temperature (15-30 ºC) for 10 min. The absorbance of blank, standard and test were 
read at 505 nm.  
 
3.9.3.5 Estimation of alkaline phosphatase activity  
 
Alkaline phosphatase (ALP) activity was estimated by the method of Kind and King 
(1954) using ALP test kit (Span Diagnostics Ltd.). 
 
Reagents  
 
Reagent I: Buffered substrate, pH 10.0 
Reagent II: Chromogen reagent 
Reagent III: Phenol standard, 10 mg% 
Working solution: Reconstitute one vial of reagent I, buffered substrate with 2.2 ml of 
purified water 
 
Procedure 
 
All the test tubes were marked properly as blank (B), standard (S), control (C), and 
test (T). 0.5 ml of working buffered substrate was added in clean tubes. 1.5 ml of 
purified water was added in all the tubes. They were mixed well and incubated at 37 
°C for 3 min. 0.05 ml of serum was added in test (T), 0.05 ml of reagent III (Phenol 
standard) was added in standard (S) and 0.05 ml of purified water was added in blank 
(B) tubes. All the tubes were mixed well and incubated at 37 °C for 15 min. 1 ml of 
reagent II was added in all the tubes. 0.05 ml of serum was added in control (C). All 
the tubes were mixed well and O. D. was measured at 510 nm. Serum alkaline 
phosphatase activity is expressed as KA units.  
 
3.9.4 Antioxidant parameters from liver homogenate 
 
3.9.4.1 Estimation of total protein content 
 
The total protein content was measured by the method of Lowry et al. (1951). The 
assay mixture contained 0.1 ml of liver homogenate, 0.9 ml of NaOH (0.1 N) and 5.0 
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ml of alkaline copper sulphate reagent. The reaction mixture was incubated for 15 min 
at room temperature and then 0.5 ml of Folin Ciocalteau reagent (1 N) was added. 
The reaction mixture was further incubated for 30 min at room temperature. The 
absorbance was measured at 660 nm. Bovine serum albumin was used as standard.  
 
3.9.4.2 Estimation of lipid peroxidation assay 
 
Thiobarbituric acid reactive substance, the last product in lipid peroxidation pathways 
was estimated by the methods of Niehaus and Samuelsson (1968).  0.2 ml of liver 
homogenate was treated with 4 ml of TBA-TCA-HCl reagent (1:1:1ratio, 0.37% 
TBA, 0.25 N HCl and 15% TCA) and placed in boiling water bath for 15 min, cooled 
and centrifuged for 5 min at 5000 rpm. The absorbance of clear supernatant was 
measured against blank at 535 nm.  The values were calculated using molar extinction 
coefficient of chromophore (1.56 X 10
5
 M
-1
cm
-1
). 
 
3.9.4.3 Estimation of catalase activity 
 
The catalase was colorimetrically assayed as described by Sinha (1972). The reaction 
mixture (1.5 ml) contained 1.0 ml phosphate buffer (10 mM, pH 7.0), 0.1 ml liver 
homogenate and the reaction was started by addition of 0.4 ml H2O2 (2000 mM). The 
reaction mixture was incubated for 3 min at room temperature.  The reaction was 
stopped by addition of 2.0 ml dichromate-acetic acid reagent (5 % potassium 
dichromate and glacial acetic acid were mixed in 1:3 ratio), was incubated at 100 °C 
for 2 min. The absorbance was measured at 620 nm. Catalase activity is expressed as 
µM H2O2 consumed / min / mg protein. For control, 0.1 ml Tris-HCl buffer (25 mM, 
pH 7.4) was used in place of the liver homogenate.  
 
3.9.4.4 Estimation of glutathione peroxidase activity  
 
The glutathione peroxidase (GPx) activity was measured by the method described by 
Rotruck et al. (1973) and Mills (1959). The reaction mixture contained 1.0 ml Tris-
HCl buffer (400 mM, pH 7.0), 0.5 ml sodium azide (10 mM), 0.5 ml liver 
homogenate, 0.5 ml glutathione (4mM) and the reaction was started by addition of 1.0 
ml H2O2 (1.25 mM). The reaction mixture was incubated for 3 min at 37 ºC. The 
Chapter 3: Material and Methods 
 
Ph. D. Thesis  Page 68 
 
reaction was stopped by addition of 1.5 ml TCA (10 %) and centrifuged for 5 min at 
5000 rpm. GSH in the protein free filtrates was determined by mixing 1.0 ml 
supernatant with 2.0 ml phosphate buffer (200 mM, pH 8.0) and 1.0 ml DTNB 
solution (0.02 % DTNB in 1 % tri sodium citrate). The absorbance was read at 412 
nm. Glutathione peroxidase activity is expressed as μM GSH utilized / min / mg 
protein. For control, 0.5 ml of Tris-HCl buffer (25 mM, pH 7.4) was used in place of 
the liver homogenate. 
 
3.9.4.5 Estimation of superoxide dismutase activity 
 
The superoxide dismutase (SOD) activity was analysed by the method described by 
Kakkar et al (1984). The assay mixture contained 0.1 ml liver homogenate, 1.2 ml 
sodium pyrophosphate buffer (52 mM, pH 8.3), 0.15 ml PMS (0.186 mM), 0.35 ml of 
NBT (0.3 mM), 1.0 ml of distilled water, 0.25 ml of NADH (0.75 mM). Reaction was 
started by addition of NADH. After incubation at 30 ºC for 90s, the reaction was 
stopped by addition of 1.0 ml of glacial acetic acid. Reaction mixture was stirred 
vigorously and shaken with 4.0 ml n-butanol. The mixture was centrifuged for 5 min 
at 5000 rpm and butanol layer was taken out. Color intensity of chromogen in butanol 
layer was measured at 560 nm. A single unit of SOD is expressed as 50 % inhibition 
of nitro blue tetrazolium reduction / min / mg protein. For control, 0.1 ml of Tris-HCl 
buffer (0.025 M, pH 7.4) was used in place of the liver homogenate. 
 
3.10 ACUTE TOXICITY 
 
3.10.1 Experiment design 
 
The single dose toxicity test was conducted for 14 days according to Ryu et al. 
(2004). Wistar albino rats weighing between 180 and 230 g of either sex were used 
for acute toxicity study. The animals were divided into 4 groups of 8 animals (3 males 
and 5 females). Fresh drug solutions were prepared in 5 % Tween 80 in water at the 
time of administration. 
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Grouping for acute toxicity study 
 
 Group I (Control): Animals received only 5 % Tween 80 in water on the 1st 
day of the study. 
 Group II (FS-II-200): Animals received FS-II (200 mg/kg, p.o.) on the 1st day 
of the study. 
 Group III (FS-II-400): Animals received FS-II (400 mg/kg, p.o.) on the 1st day 
of the study. 
 Group IV (FS-II-800):  Animals received FS-II (800 mg/kg, p.o.) on the 1st 
day of the study. 
 
3.10.2 Feed and water consumption and body weight measurement 
 
The amount of feed and water consumed was measured daily from the quantity of 
feed and water supplied and the amount remaining after 24 h for 14 days. Individual 
animal body weight was recorded daily till the end of the experiment. 
 
3.10.3 Organ weight 
 
The various organs under study were excised from the animal and weighed. The 
weights of the organs such as liver, heart, lungs, thymus glands, spleen, adrenal 
glands, kidneys, testes, uterus and ovaries were recorded and studied for any 
abnormal gain or loss of weight. This gives a preliminary confirmation regarding the 
adverse effects (if any) of the drug under test. The weights of the organs expressed as 
relative weights as g/100 g b. w., were calculated by following formula: 
 
Relative organ weight  = 
Absolute organ weight (g) 
× 100 
Body weight of rats on sacrifice day (g) 
 
3.10.4 Hematological analyses 
 
On the 15
th
 day, the animals were fasted for 12 h and then under mild ether anesthesia, 
animals were sacrificed and blood samples were collected. Blood was collected 
immediately into tubes containing EDTA for analysis of hematological parameters 
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viz. hemoglobin, total red blood cells (R.B.C.), packed cell volume, mean cell volume 
(M.C.V.), mean cell hemoglobin (M.C.H.), mean cell hemoglobin concentration 
(M.C.H.C.), total white blood cells (W.B.C.), neutrophils, lymphocytes, eosinophils, 
monocytes, basophiles, total platelet count. The haematological analysis was done 
using hematology analyzer Sysmex XS800i (Sysmex corporation, USA). 
 
3.11 STATISTICAL ANALYSIS 
 
The data obtained from animal experiments are expressed as mean ± SEM (standard 
error of mean). For statistical analysis data were subjected to analysis of variance 
(ANOVA) followed by Student’s t-test. Values are considered statistically significant 
at F < 0.05 for ANOVA and P < 0.05 for t-test. 
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4.1 PHARMACOGNOSTIC STUDIES  
 
4.1.1 Macroscopic characteristics 
 
The diagnostic characters of stem of Cissus quadrangularis Linn. are the presence of 
quadrangular stem with winged corners and the internodes on four sides are invaded 
or depressed deeply in the middle and the corners are exerted with sharp reddish 
brown to black colored margins, 3-4 cm long (Fig. 1). 
 
4.1.2 Microscopic characteristics 
 
Diagrammatic TS of the stem is four angled; on maturation each goes deep inside 
forming sharp pointed like projection and shows single layer epidermis followed by 
hypodermis; narrow cortex and centrally located large pith occupying almost 2/3
rd
  
region of the section, surrounded by numerous, small, discontinuous band of vascular 
bundles (Fig. 2). 
 
Detailed section shows rectangular - pentagonal, 1-2 layered epidermis covered by 
thin cuticle, followed by 3-4 layered, circular-polygonal, chlorenchymatous 
hypodermis deposited more near the angle; cortex very narrow, cortical 
parenchymatous, 5-7 layered; pith very large, parenchymatous similar to that of 
region surrounded by discontinuous band of numerous, small, conjoint, collateral 
vascular bundles, each shielded with sclerenchymatous sheath, stele near the angle 
formed into strip, capped with collenchymatous band; few starch grains and rosette 
crystals and abundant large cells of mucilage, clusters and bundles of acicular crystals 
of calcium oxalate scattered throughout the section (Figs. 3-5). 
 
4.1.3 Powder characteristic 
 
The fine powder is green in color with faint odor. The diagnostic features of powder 
are plenty of cluster, rosette and acicular crystals of calcium oxalate scattered as such 
throughout or embedded in parenchymatous cells. Simple and compound starch grains 
2-celled, scattered or embedded in parenchyma. Fragments of epidermis in surface  
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Fig. 1 Photomicrographs of macroscopic characteristics of C. quadrangularis stem 
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Fig. 2 Photomicrographs of macroscopic characteristics of C. quadrangularis stem 
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Fig. 3 Photomicrographs of macroscopic characteristics of C. quadrangularis stem 
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Fig. 4 Photomicrographs of macroscopic characteristics of C. quadrangularis stem 
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Fig. 5 Photomicrographs of macroscopic characteristics of C. quadrangularis stem 
 
Chapter 4: Results 
 
Ph. D. Thesis  Page 81 
 
 
Fig. 6 Photomicrographs powder characteristics of C. quadrangularis stem 
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Fig. 7 Photomicrographs powder characteristics of Cissus quadrangularis stem 
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view embedded with anisocytic stomata. The fibers are isolated or in groups, thin 
walled, occasionally exhibiting dentate margin, vessels with annular, reticulate and 
boarded pitted thickening. Cells of the medullary rays with pitted thickening (Fig. 6 
and 7). 
 
4.2 PHYSICOCHEMICAL ANALYSIS 
 
The results of physicochemical analysis of crude powder of C. quadrangularis stem 
are shown in Table 2. The average values of various parameters are expressed as 
percentage of air-dried material.  Loss on drying was 9.5 %. Total ash was 19.41 %, 
acid insoluble ash was 17.0 % and water soluble ash was 14.16 %. The extractive 
value of crude powder was maximum in water (19.18 %), followed by methanol (7.81 
%) and minimum was in petroleum ether (1.11 %), pH of ME was 4.25.  
 
Table 2: Physicochemical parameters of crude powder of C. quadrangularis stem 
 
4.2.1 Solubility test 
 
The ME of C. quadrangularis stem was evaluated for its solubility in 11 solvents with 
varied polarities. The extract was highly soluble in dimethylformamide, distilled 
water and methanol but less soluble in ethyl acetate, 1-4 dioxan and petroleum ether 
(Table 3). 
Sr. No. Physicochemical  parameters Average value % W/W 
1 Loss on drying 09.50% 
2 Total ash 19.41 % 
3 Acid insoluble ash 17.00 % 
4 Water soluble ash 14.16 % 
5 Petroleum ether  soluble  extractive 01.11 % 
6 Ethyl acetate  soluble extractive 02.08 % 
7 Acetone soluble extractive 01.94 % 
8 Methanol soluble extractive 07.81 % 
9 Water soluble extractive 19.18 % 
10 pH (ME) 04.23 
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Table 3: Determination of solubility of ME of C. quadrangularis stem in different 
solvents 
 
4.3 PHYTOCHEMICAL ANALYSIS 
 
4.3.1 Qualitative phytochemical analysis 
 
Qualitative phytochemical analysis revealed the presence of secondary metabolites 
like alkaloids, flavonoids, cardiac glycosides and triterpenes (Table 4). However, the 
ME was rich in alkaloids (Wagner test) while crude powder was rich in cardiac 
glycosides. 
 
4.3.2 Quantitative phytochemical analysis 
 
The results of quantitative phytochemical analysis of ME of C. quadrangularis stem 
and its fractions are shown in Fig. 8a. In all the three extracts, total phenol content 
was more than flavonoid content (Fig. 8a).  Maximum total phenol content was in FS-
II.  The phenol content in FS-I and ME was almost same. The amount of alkaloid was 
18 mg/g in crude powder. 
 
 
Sr. No. Solvents Soluble in mg/ml 
1 Petroleum ether 10.50 
2 Toluene 13.30 
3 Ethyl acetate  07.10 
4 Acetone 10.80 
5 Methanol 79.10 
6 Chloroform 24.50 
7 DMSO 52.00 
8 DMF 115.60 
9 1-4 Dioxan 07.20 
10 Glacial acetic acid 53.80 
11 Distilled water 107.80 
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Table 4: Preliminary qualitative phytochemical analysis of C. quadrangularis stem 
No. Phytochemical Test 
Crude 
Powder 
Methanol 
extract 
1 Alkaloids Dragendroff test + + 
  Mayer test + - 
  Wagner test + +++ 
2 Flavonoids Shinoda test - - 
  Alkaline reagent + - 
3 Cardiac 
glycosides 
Keller-kilianni test +++ ++ 
4 Phlobatanins HCl test - - 
5 Saponins Frothing test - + 
6 Steroids Liebermann-Burchard 
reaction 
+ + 
7 Tannins FeCl3 test - - 
8 Triterpenes H2SO4 test + + 
 
4.4 IN VITRO ANTIOXIDANT ACTIVITY  
 
Antioxidants are known to exhibit their biochemical effects through numerous 
mechanisms, including the prevention of chain initiation, reductive capacity and 
radical scavenging mechanisms. Several methods have been used to measure the 
antioxidant activity of biological materials. It is essential to use more than one method 
to evaluate antioxidant capacity of plant materials simply because of the complex 
nature of phytochemicals present in them. Therefore, in the present study, DPPH free 
radical scavenging activity, superoxide anion radical scavenging activity, ABTS 
radical cation scavenging activity, hydroxyl radical scavenging activity, ferric 
reducing antioxidant power and reducing capacity assessment were done. 
 
4.4.1 DPPH free radical scavenging activity 
 
Ascorbic acid was used as standard for DPPH free radical scavenging activity.  Its 
IC50 value was 11.4 µg/ml (Fig. 8b).  The DPPH free radical scavenging activity of 
FS-II of C. quadrangularis is shown in Fig. 8c. ME and FS-I showed poor DPPH free 
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radical scavenging activity (IC50 value > 1000 µg/ml), hence data not shown. FS-II 
was able to scavenge DPPH free radical in a concentration range of 200-1000 µg/ml, 
and the IC50 value was 830 µg/ml.  
 
4.4.2 Superoxide anion radical scavenging activity 
 
The ME of C. quadrangularis and its fractions showed poor superoxide anion radical 
scavenging activity. The IC50 value of ME, FS-I and FS-II was >1000 µg/ml (Data not 
shown). 
 
4.4.3 ABTS radical cation scavenging activity 
 
The ABTS radical cation scavenging activity of ME of C. quadrangularis and its 
fractions are shown in Fig. 9. ME and FS-I were able to scavenge ABTS radical in a 
concentration range of 50-350 µg/ml, and the IC50 value were 260 µg/ml (Fig. 9a) and 
225 µg/ml (Fig. 9b) respectively. FS-II was able to scavenge ABTS radical in a 
concentration range of 20-140 µg/ml (Fig. 9c), and the IC50 value was 100 µg/ml. The 
IC50 value of FS-II was lower than ME and FS-I. Ascorbic acid was used as standard 
and its IC50 value was 6.5 µg/ml (Fig. 10a). 
 
4.4.4 Hydroxyl radical scavenging activity 
 
Gallic acid was used as standard for hydroxyl radical scavenging activity. Its IC50 
value was 140 µg/ml (Fig. 10b). The hydroxyl radical scavenging activity of FS-II of 
C. quadrangularis is shown in Fig. 10c. ME and FS-I showed poor hydroxyl radical 
cation scavenging activity (IC50 > 1000 µg/ml), hence data not shown. FS-II was able 
to scavenge hydroxyl radical in a concentration range of 80-480 µg/ml (Fig. 10c), FS-
II showed good hydroxyl radical scavenging activity. Its IC50 value was 475 µg/ml.  
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Fig. 8a Total phenol and flavonoid content of ME of C. quadrangularis stem and its 
fractions  
             
Fig. 8b DPPH free radical scavenging activity of standard ascorbic acid  
 
Fig. 8c DPPH free radical scavenging activity of FS-II of C. quadrangularis stem 
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Fig. 9a ABTS radical cation scavenging activity of ME of C. quadrangularis stem 
 
Fig. 9b ABTS radical cation scavenging activity of FS-I of C. quadrangularis stem  
 
Fig. 9c ABTS radical cation scavenging activity of FS-II of C. quadrangularis stem 
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Fig.10a ABTS radical cation scavenging activity of standard ascorbic acid 
   
Fig.10b Hydroxyl radical scavenging activity of standard ascorbic acid 
              
Fig. 10c Hydroxyl radical scavenging activity of FS-II of C. quadrangularis stem 
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4.4.5 Ferric reducing antioxidant power 
 
Ferric reducing antioxidant power (FRAP) of ME of C. quadrangularis and its 
fractions are shown in Fig. 11a. The ME and FS-I showed almost similar FRAP 
activity, 2.42 M/g and 2.79 M/g respectively. FS-II showed good FRAP activity (4.27 
M/g) which was higher than the ME and FS-I.  
 
4.4.6 Reducing capacity assessment 
 
Reducing capacity of standard ascorbic acid, ME of C. quadrangularis and its 
fractions are shown in Fig. 11b. There was a concentration dependent increase in the 
absorbance of reaction mixture of ME, fractions and standard ascorbic acid. The ME 
and fractions showed almost similar reducing capacity (Fig.11b), which was quite less 
than that of standard ascorbic acid.  
 
Fig. 11a Ferric reducing antioxidant power (FRAP) of ME of C. quadrangularis stem 
and its fractions  
         
Fig. 11b Reducing capacity assessment of standard ascorbic acid, ME of C. 
quadrangularis stem and its fractions  
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4.5 SPECTRAL ANALYSIS  
 
4.5.1 Ultraviolet visible absorption (UV) 
 
UV-Visible spectra of ME is shown in Fig. 12. The UV spectrum of ME of Cissus 
quadrangularis showed absorption maxima at 661, 273, 204 and 256 nm. The FS-I 
showed absorption maxima at 662.5, 272, 205 and 254.5 nm (Fig. 13a). While FS-II 
showed absorption maxima at 664.5, 532, 497.5, 401, 268, 203.5, 622, 577, 521, 489, 
340.5 and 262 nm (Fig. 13b). 
 
 
 
 
 
Fig. 12  UV-Visible specta of ME of C. quadrangularis stem 
 
No. Wavelength nm. Abs. 
1 661 0.006 
2 273 0.150 
3 204 0.804 
4 256 0.138 
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No. Wavelength nm. Abs. 
1 662.5 0.006 
2 272.0 0.252 
3 205.0 1.612 
4 254.5 0.231 
 
Fig.13a UV-Visible specta of FS-I of C. quadrangularis stem 
 
No. Wavelength nm. Abs. 
1 664.5 0.056 
2 532.0 0.012 
3 497.5 0.018 
4 401.0 0.167 
5 268.0 0.155 
6 203.5 0.881 
7 622.0 0.010 
8 577.0 0.005 
9 521.0 0.010 
10 489.0 0.017 
11 340.5 0.097 
12 262.0 0.155 
 
Fig. 13b UV-Visible specta of FS-II of C. quadrangularis stem 
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4.5.2 IR spectroscopy  
 
IR spectra of ME and its fractions are shown in Figs. 14-16. The mid-infrared, 
approximately 4000–400 cm-1 (2.5–25 μm) was used to study the fundamental 
vibrations and associated rotational-vibrational spectrum.  
 
 
 
Wavelength (cm
-1
) Interpretation 
3381 -C≡C-H  stretching vibration band 
2922 Alkane asymmetric C-H stretching vibration band 
2850 Alkane symmetric C-H stretching vibration band 
1709 C=O stretching vibration band 
1636 
Aromatic carbon skeleton C=C stretching vibration band 
1512 
1384 Alkane C-H bending vibration band 
1256 C-C stretching vibration band 
1050 C-O-C stretching vibration band 
 
Fig. 14 IR spectral analysis of ME of C. quadrangularis stem 
Chapter 4: Results 
 
Ph. D. Thesis  Page 94 
 
 
 
 
 
 
Wavelength (cm
-1
) Interpretation 
3445 Inter molecular H-bond O-H stretching vibration band 
2921 Alkane asymmetric –C-H stretching vibration band 
1634 Aromatic carbon skeleton C=C stretching vibration band 
1385 Alkane C-H bending vibration band 
1057 C-O-C stretching vibration band 
921 Vinylic C=C bending vibration band 
 
 
 
Fig.15 IR spectral analysis of FS-I of C. quadrangularis stem 
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Wavelength (cm
-1
) Interpretation 
3397 Inter molecular H-bond O-H stretching vibration band 
2925 Alkane asymmetric C-H stretching vibration band 
2852 Alkane symmetric C-H stretching vibration band 
1735 C=O stretching vibration band 
1464 Alkane -CH2- bending vibration band 
1384 Alkane -CH3 bending vibration band 
1246 C-C stretching vibration band 
1075 C-O-C stretching vibration band 
 
 
 
Fig. 16 IR spectral analysis of FS-II of C. quadrangularis stem 
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4.5.3 GC-MS Spectroscopy 
 
GC-MS analysis has found a variety of analytical uses, including quality control 
analysis in both the pharmaceutical and food product industries. The mass spectrum 
of ME and its fractions are given in Figs. 17-32. The detail tabulation of the GC-MS 
analysis of ME and its fractions is given in Table 5. 
 
 
 
 
 
 
 
 
 
 
 
Mass spectrum of neophytadiene, molecular ion peak 278.52 m/z (C20H38
+
). Base 
peak 68 (C5H8
+
), 82 (C6H10
+
), 95 (C7H11
+
), 109 (C8H13
+
), 137 (C10H17
+
). 
Fig. 17 GC-MS spectra of the ME of C. quadrangularis stem 
Neophytadiene 
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Mass spectrum of 1-octadecyne, molecular ion peak 250.46 m/z (C18H34
+
). 68 
(C5H8
+
), Base peak 82 (C6H10
+
), 95 (C7H11
+
), 109 (C8H13
+
), 123 (C9H15
+
), 137 
(C10H17
+
), 163 (C12H19
+
), 222 (C16H30
+
), 237 (C17H33
+
). 
 
 
Mass spectrum of methylpalmitate, molecular ion peak 269.25 m/z (C17H33O2
+
). 69 
(C5H9
+
), Base peak 74 (C3H6O2
+
), 87 (C4H7O2
+
), 100 (C5H8O2
+
), 129 (C7H13O2
+
), 143 
(C8H15O2
+
), 185 (C11H21O2
+
), 199 (C12H23O2
+
), 227 (C14H27O2
+
), 239 (C15H27O2
+
). 
 
Fig. 18 GC-MS spectra of the ME of C. quadrangularis stem 
1-octadecyne 
Methylpalmitate
1-octadecyne 
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Mass spectrum of 3-methyl-4,6-hexadecadiene (Z,Z), molecular ion peak 236.25 m/z 
(C17H32
+
). Base peak 67 (C5H7
+
), 81 (C6H9
+
), 96 (C7H12
+
), 111 (C8H15
+
), 123 (C9H15
+
), 
150 (C11H18
+
), 167 (C12H23
+
), 209 (C15H29
+
), 220 (C16H28
+
). 
 
 
Mass spectrum of 1-methyl-7-thiabicyclo[4,1,0]heptanes, molecular ion peak 128.24 
m/z (C7H21S
+
). 67 (C5H7
+
), Base peak 79 (C6H7
+
), 87 (C4H75
+
), 96 (C7H12
+
), 99 
(C5H7S
+
). 
 
Fig. 19 GC-MS spectra of the ME of C. quadrangularis stem 
1-methyl-7-thizbicylclo[4,1,0]heptane 
3-methyl-4,6-hexadecadiene(z,z) 
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Mass spectrum of phytol, molecular peak ion 296.31 m/z (C20H40O
+
). 57 (C3H5O
+
), 
Base peak 71 (C4H7O
+
), 95 (C7H11
+
), 99 (C6H11O
+
), 123 (C9H15
+
), 137 (C10H17
+
), 207 
(C15H27
+
), 255 (C17H35O
+
). 
 
 
Mass spectrum of linoleicacid, butylester, molecular ion peak 336.30 m/z 
(C22H40O2
+
). Base peak 55 (C3H4O
+
), 81 (C6H9
+
), 95 (C7H11
+
), 109 (C8H13
+
), 121 
(C9H13
+
), 137 (C10H17
+
), 165 (C12H21
+
), 180 (C13H24
+
), 195 (C12H20O2
+
), 209 
(C13H22O2
+
), 237 (C15H25O2
+
), 280 (C18H32O2
+
), 306 (C20H34O2
+
). 
Fig. 20 GC-MS spectra of the ME of C. quadrangularis stem 
Phytol 
Linoleicacid, butylester 
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Mass spectrum of 9,17-octadecadienal, molecular ion peak 264.25 m/z (C18H32O
+
). 68 
(C5H8
+
), Base peak 81 (C6H9
+
), 109 (C8H13
+
), 121 (C9H13
+
), 134 (C10H14
+
), 164 
(C12H20
+
), 152 (C11H20
+
), 178 (C13H22
+
), 220 (C16H28
+
), 251 (C17H31O
+
).  
 
 
                                                                                          
 
 
 
 
 
 
Mass spectrum of 6, 17-octadecadien(z)-1-ol acetate, molecular ion peak 324.27 m/z 
(C20H36O3
+
). Base peak 55 (C4H7
+
), 67 (C5H7
+
), 81 (C6H9
+
), 95 (C7H11
+
), 129 
(C7H12O2
+
), 171 (C9H15O3
+
), 199 (C11H19O3
+
), 236 (C16H28O
+
), 263 (C18H31O
+
), 281 
(C18H33O2
+
), 295 (C18H31O3
+
). 
 
Fig. 21 GC-MS spectra of the ME of C. quadrangularis stem 
9,17-octadecadienal 
6,17-octadecadien(z)-1-ol acetate 
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Mass spectrum of 8-cyclohexadecen-1-one, molecular ion peak 236.39 m/z 
(C16H28O
+
). Base peak 55 (C4H7
+
), 67 (C5H8
+
), 95 (C7H11
+
), 109 (C8H13
+
), 129 
(C9H21
+
), 150 (C11H18
+
), 163 (C12H19
+
). 
 
Mass spectrum of ergost-5-en-3, beta-ol, molecular ion peak 400.37 m/z (C28H48O
+
). 
57 (C4H9
+
), 71 (C5H11
+
), 93 (C7H9
+
), 107 (C8H11
+
), 119 (C9H11
+
), 135 (C10H15
+
), 161 
(C12H17
+
), 185 (C14H17
+
), 201 (C15H21
+
), 213 (C16H21
+
), 231 (C16H24O
+
), 247 
(C17H27O
+
), 255 (C19H27
+
), 273 (C19H29O
+
), Base peak 315 (C22H35O
+
), 327 
(C23H35O
+
), 340 (C24H36O
+
), 358 (C25H42O
+
), 382 (C28H46
+
). 
Fig. 22 GC-MS spectra of the ME of C. quadrangularis stem 
8-cyclohexadecen-1one 
Ergost-5-en-3, beta-ol 
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Mass spectrum of 7-methyl-7heptadecanol, molecular ion peak 270.29 m/z 
(C18H38O
+
). Base peak 55 (C4H7
+
), 113 (C8H17
+
), 129 (C8H17
+
), 160 (C10H24O
+
), 185 
(C12H25O
+
), 213 (C14H29O
+
), 226 (C15H30O
+
), 255 (C17H35O
+
). 
 
Mass spectrum of gamma-sitosterol, molecular ion peak 414.39 m/z (C29H50O
+
). Base 
peak 55 (C4H7
+
), 57 (C3H50
+
), 81 (C5H5O
+
), 93 (C7H9
+
), 145 (C11H13
+
), 317 
(C22H37O
+
), 329 (C24H41
+
), 343 (C25H41
+
), 354 (C26H42
+
), 381 (C28H45
+
), 396 
(C29H50
+
). 
 
Fig. 23 GC-MS spectra of the ME of C. quadrangularis stem 
7-methyl-7-heptadecanol 
Gamma-sitosterol 
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Mass spectrum of lup-20(29)-en-3-one, molecular ion peak 424.70 m/z (C30H48O
+
). 
55 (C4H7
+
), 81 (C5H5O
+
), 95 (C6H6O
+
), Base peak 109 (C8H12
+
) 123 (C8H11O
+
), 133 
(C9H9O
+
), 149 (C11H17
+
), 175 (C13H19
+
), 189 (C14H21
+
), 205 (C15H25
+
), 232 (C17H26
+
), 
245 (C18H29
+
), 298 (C22H34
+
), 313 (C23H35
+
), 325 (C24H37
+
), 339 (C25H39
+
), 355 
(C26H43
+
), 368 (C27H44
+
). 
 
 
Mass spectrum of friedeline, molecular ion peak 426.39 m/z (C30H50O
+
). 55 
(C3H3O
+
), 69 (C4H7O
+
), 81 (C5H5O
+
), Base peak 95 (C6H8O
+
), 109 (C7H9O
+
), 123 
(C9H15
+
), 137 (C9H13O
+
), 149 (C11H17
+
), 163 (C11H15O
+
), 179 (C12H19O
+
), 191 
(C13H19O
+
), 205 (C14H29O
+
), 218 (C15H22O
+
), 246 (C17H27O
+
), 261 (C18H29O
+
), 273 
(C19H29O
+
), 302 (C22H38
+
), 371 (C27H47
+
). 
Fig. 24 GC-MS spectra of the ME of C. quadrangularis stem 
Friedeline 
Lup-20(29)-en-3-one 
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Mass spectrum of hexadecaniocacid, molecular ion peak 256 m/z (C16H32O2
+
). 60 
(C2H4O2
+
), Base peak 73 (C3H5O2
+
), 115 (C6H11O2
+
), 171 (C10H19O2
+
), 185 
(C11H21O2
+
), 199 (C12H23O2
+
), 213 (C13H25O2
+
), 227 (C14H27O2
+
). 
 
Fig. 25 GC-MS spectra of the FS-I of C. quadrangularis stem 
Hexadecanoicacid 
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Mass spectrum of octadecanoicacid, molecualr ion peak 284.27 m/z (C18H36O2
+
). 
Base peak 55 (C4H7
+
), 57 (C4H9
+
), 73 (C3H5O2
+
), 116 (C6H12O2
+
), 129 (C7H13O2
+
), 
143 (C8H15O2
+
), 157 (C9H17O2
+
), 171 (C10H19O2
+
), 185 (C11H21O2
+
), 198 (C12H22O2
+
), 
241 (C15H29O2
+
). 
 
 
Mass spectrum of beta-monolinolein, molecular ion peak 354.52 m/z (C21H38O4
+
). 
Base peak 67 (C5H7
+
), 81 (C6H9
+
), 95 (C7H11
+
), 149 (C11H17
+
), 164 (C12H20
+
), 193 
(C13H21O
+
), 208 (C13H20O2
+
), 221 (C14H21O2
+
), 234 (C15H22O2
+
), 262 (C18H30O
+
), 321 
(C21H37O2
+
), 336 (C21H36O3
+
). 
 
Fig. 26 GC-MS spectra of the FS-I of C. quadrangularis stem 
Beta-monolinolein 
Octadecanoicacid 
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Mass spectrum of 14-methyl-8-hexadecyne-1-ol, molecular ion peak 252.44 m/z 
(C17H32O
+
). Base peak 55 (C4H7
+
), 67 (C5H7
+
), 81 (C6H8
+
), 95 (C7H11
+
), 109 (C8H12
+
), 
121 (C9H13
+
), 129 (C8H17O
+
), 149 (C11H17
+
), 207 (C15H27
+
), 221 (C16H29
+
). 
 
 
Mass spectrum of 1,312-nonadecatriene, molecular ion peak 262.47 m/z (C19H34
+
). 
Base peak 67 (C5H7
+
), 82 (C6H10
+
), 96 (C7H12
+
), 110 (C8H14
+
), 123 (C9H15
+
), 137 
(C10H17
+
), 149 (C11H17
+
), 204 (C15H24
+
), 220 (C16H28
+
), 247 (C18H31
+
). 
 
Fig. 27 GC-MS spectra of the FS-I of C. quadrangularis stem 
1,3,12-nonadecatriene 
14-methyl-8-hexadecyne-1-ol 
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Mass spectrum of trilinolein, molecualr ion peak 879.38 m/z (C57H98O6
+
). 67 (C5H7
+
), 
95 (C7H11
+
), 109 (C8H12
+
), 135 (C10H15
+
), 163 (C12H19
+
), 262 (C18H30O
+
), 291 
(C19H31O2
+
), 321 (C21H37O2
+
), 337 (C21H37O3
+
). 
 
 
Mass spectrum 9,12-octadecadienoicacid(z,z)-2,3-dihydroxypropylester, molecualr 
ion peak 354.52 m/z (C21H38O4
+
). Base peak 55 (C4H7
+
),  67 (C5H7
+
), 81 (C6H9
+
), 95 
(C7H11
+
), 109 (C8H13
+
), 121 (C9H15
+
), 164 (C12H20
+
), 177 (C13H21
+
), 234 (C17H30
+
), 
247 (C18H31
+
), 262 (C18H32O
+
), 264 (C17H28O2
+
), 323 (C20H35O3
+
), 339 (C21H39O3
+
). 
 
Fig. 28 GC-MS spectra of the FS-I of C. quadrangularis stem 
Trilinolein 
9,12-octadecadienoicacid(z,z)-2,3-dihydroxypropylester 
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Mass spectrum of 1-eicosyne, molecular ion peak 278.52 m/z (C20H38
+
), 221 
(C16H29
+
), 194 (C14H25
+
), 165 (C12H21
+
), 151 (C11H19
+
), 137 (C10H17
+
), 127 (C9H15
+
), 
109 (C8H13
+
), 95 (C7H11
+
), Base peak 81 (C6H9
+
), 68 (C5H7
+
), 53 (C4H5
+
). 
 
Fig. 29 GC-MS spectra of the FS-II of C. quadrangularis stem 
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Mass spectrum of 2-hexdecenoicacid, methylester, molecular ion peak 268.43 m/z 
(C17H32O2
+
). Base peak 57.11 (C4H9
+
), 85.03 (C4H5O2
+
), 113.13 (C8H17
+
), 126 
(C9H19
+
), 154 (C11H22
+
), 180 (C13H24
+
), 195 (C14H27
+
), 209 (C15H29
+
), 225 
(C14H27O2
+
). 
 
 
Mass spectrum of 7,10-octadecadienoicacid,methylester, molecular ion peak 294.26 
m/z (C19H34O2
+
). Base peak 81 (C6H9
+
), 96 (C7H12
+
), 108 (C8H13
+
), 121 (C9H13
+
), 163 
(C11H15
+
), 220 (C14K20O2
+
), 235 (C15H23O2
+
), 262 (C18H30O
+
), 279 (C18H31O2
+
).  
 
Fig. 30 GC-MS spectra of the FS-II of C. quadrangularis stem 
Chapter 4: Results 
 
Ph. D. Thesis  Page 110 
 
 
Mass spectra of campestenol, molecular ion peak 400.68 m/z (C28H48O
+
). Base peak 
55 (C4H7
+
), 121 (C8H9O
+
), 131 (C10H11
+
), 145 (C11H13
+
), 161 (C12H17
+
), 178 
(C12H18O
+
), 213 (C16H21
+
), 255 (C19H27
+
), 273 (C19H29O
+
), 315 (C22H35O
+
), 328 
(C23H36O
+
), 382 (C28H46
+
). 
 
 
Mass spectra of 2,6,6-trimethylbicyclo[3,1,1]heptanes, molecular ion peak 138.14 m/z 
(C10H38
+
). Base peak 55 (C4H7
+
), 81 (C6H9
+
), 96 (C7H12
+
), 110 (C8H24
+
). 
 
Fig. 31 GC-MS spectra of the FS-II of C. quadrangularis stem 
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Mass spectra of lupenone, molecular ion peak 424.37 m/z (C30H48O
+
). 67 (C4H5O
+
), 
95 (C6H7O
+
), 149 (C10H14O
+
), 135 (C9H11O
+
), 189 (C13H17O
+
), 177 (C12H17O
+
), Base 
peak 205 (C14H20O
+
), 272 (C19H28O
+
), 313 (C22H33O
+
), 326 (C23H34O
+
), 383 
(C27H41O
+
). 
 
 
Mass spectra of beta-amyrene, molecular ion peak 426.72 m/z (C30H50O
+
). 55 
(C4H7
+
), 71 (C4H12
+
), 96 (C7H12
+
), 125 (C8H13O
+
), 137 (C9H13O
+
), 175 (C13H19
+
), 203 
(C15H23
+
), Base peak 218 (C16H26
+
), 245 (C18H29
+
), 355 (C26H43
+
).  
 
Fig. 32 GC-MS spectra of the FS-II of C. quadrangularis stem 
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Table 5: Phytocomponents identified in the ME of C. quadrangularis stem and its 
fractions by GC-MS peak report 
 
Sr. 
No. 
Retention 
time 
Area 
Area 
% 
Molecular 
formula 
Mole. 
Wt. 
Extracts Compounds 
1 9.33 84865 2.82 C20H38 278.52 
ME,FS-I, 
FS-II 
Neophytadiene 
2 9.55 34304 1.14 C18H34 250.46 ME,FS-II 1-Octadecyne 
3 9.79 43550 1.45 C17H33O2 269.44 ME Methyl palmitate 
4 10.64 37490 1.25 C17H32 236.25 ME 
3-Methyl-Z,Z-4,6-
hexadecadiene 
5 10.68 14885 0.50 C7H12S 128.24 ME 
7-Thiabicyclo[4.1.0.] 
heptanes, 1-methyl 
6 10.75 82921 2.76 C20H40O 296.53 ME Phytol 
7 10.88 298180 9.92 C18H32O2 280.45 ME, FS-I 
9,12-Octadecadienoic acid 
(Z,Z)-(CAS) Linoleic acid 
8 10.94 67043 2.23 C18H32O 264.45 ME 9,17- Octadecadienal 
9 12.11 120698 4.02 C20H36O3 324.50 ME 
Z-6, 17-Octadecadien-1-ol 
acetate 
10 12.31 116493 3.88 C16H28O 236.39 ME 8-Cyclohexadecen-1-one 
11 15.53 497816 16.56 C28H48O 400.68 ME Ergost-5-en-3.beta.-ol 
12 15.68 52499 1.75 C18H38O 270.29 ME 7-Methyl-7-heptadecanol 
13 15.99 991687 32.99 C29H50O 414.71 
ME, FS-I, 
FS-II 
Gamma-Sitosterol 
14 16.40 208066 6.92 C30H48O 424.70 ME, FS-II Lup-20(29)-en-3-one 
15 17.57 355102 11.81 C30H50O 426.72 ME, FS-II Friedeline 
16 12.52 310535 0.73 C16H32O2 256.42 FS-I 
Hexadecanoic acid (CAS) 
Palmitic acid 
17 13.48 236167 0.55 C18H32O2 284.45 FS-I 
Octadecanoic acid (CAS) 
Stearic acid 
18 14.60 232407 0.55 C21H38O4 354.52 
FS-I, FS-
II 
Beta Monolinolein 
19 14.80 169831 0.40 C17H32O 252.44 
FS-I, FS-
II 
(R)-(-)-14-Methyl-8-
hexadecyn-1-ol 
20 15.58 66610 0.16 C19H34 262.47 FS-I 1,3,12-Nonadecatriene 
21 18.000 8908951 20.90 C56H95O6 864.35 FS-I Trilinolein 
22 23.44 28719398 67.37 C21H38O4 354.52 FS-I 
9,12-Octadecadienoic acid 
(Z,Z)-,2,3-dihydroxy- 
propyl ester 
23 9.46 24157 0.67 C20H38 278.52 FS-II 
1-Eicosyne (CAS) 
Eicosyne-1 
24 9.80 24382 0.67 C17H32O2 268.43 FS-II 
2-Hexadecenoic acid, 
methyl ester 
25 10.64 39789 1.10 C19H34O2 294.47 FS-II 
7,10-Octadecadienoic acid 
methyl ester 
26 10.76 104008 2.87 C22H40O2 336.55 FS-II Linoleic acid, butyl ester 
27 15.52 596845 16.44 C28H48O 400.68 FS-II Campesterol 
28 15.69 77323 2.13 C10H18 138.25 FS-II 
2,6,6-Trimethyl- 
bicyclo[3.1.1] heptane 
29 16.14 57140 1.57 C30H50O 426.72 FS-II Beta.-Amyrene 
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4.5.4 HPTLC fingerprint  
 
High Performance Thin Layer Chromatography (HPTLC) technique is most simple 
and fastest separation technique available today which gives better precision and 
accuracy with extreme flexibility for various steps. The results showing number of 
peaks, maximum Rf value and total % area are given in Table 6. The HPTLC 
fingerprinting of ME and it fractions are shown in Fig. 33.  The ME showed 21 peaks 
in 200-800 nm spectral range. In ME, the maximum percentage area covered was by 
peak No. 1, 6, 19 and 21 (Rf value 0.03, 0.31, 0.78 and 0.94 respectively) (Fig. 34). 
The FS-I showed 24 peaks in 200-800 nm spectral range. The maximum percentage 
area covered was by peak No. 1, 5, 19 and 20 (Rf value 0.03, 0.32, 0.76 and 0.80 
respectively) (Fig. 35). The FS-II showed 17 peaks in 200-800 nm spectral range. The 
maximum percentage area covered was by peak No. 1, 4 and 12 (Rf value 0.02, 0.29 
and 0.78 respectively) (Fig. 36). This HPTLC technique may be useful for both the 
identification and the quality-evaluation of preparations containing Cissus 
quadrangularis stem. 
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Table 6: HPTLC spectral analysis of ME of C. quadrangularis stem and its fractions 
 
               ME                FS-I                FS-II 
Peak Max Rf Area (%) Peak Max Rf Area (%) Peak Max Rf Area (%) 
1 0.01 48.41 1 0.02 65.63 1 0.02 43.45 
2 0.18 2.28 2 0.17 0.91 2 0.19 7.56 
3 0.20 2.25 3 0.23 1.11 3 0.28 4.04 
4 0.24 1.63 4 0.26 1.78 4 0.36 16.40 
5 0.29 5.32 5 0.35 2.89 5 0.49 1.86 
6 0.36 8.51 6 0.38 1.36 6 0.53 1.92 
7 0.41 1.32 7 0.44 1.62 7 0.62 0.99 
8 0.43 1.68 8 0.48 1.84 8 0.63 0.60 
9 0.47 2.07 9 0.50 1.13 9 0.68 1.65 
10 0.49 0.92 10 0.53 1.16 10 0.71 1.40 
11 0.51 1.45 11 0.56 1.44 11 0.75 4.56 
12 0.56 0.23 12 0.57 1.72 12 0.82 10.56 
13 0.58 0.68 13 0.59 1.98 13 0.88 0.27 
14 0.62 0.45 14 0.63 1.48 14 0.89 0.31 
15 0.64 0.79 15 0.67 1.69 15 0.93 0.91 
16 0.66 0.32 16 0.69 1.14 16 0.98 2.91 
17 0.74 3.59 17 0.71 0.88 17 1.05 0.61 
18 0.77 1.24 18 0.74 1.03    
19 0.81 8.60 19 0.78 2.22    
20 0.92 1.31 20 0.81 2.93    
21 0.97 6.97 21 0.85 1.18    
   22 0.86 0.95    
   23 0.92 1.10    
   24 0.95 0.83    
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   254 nm                       366 nm               White remission  
TLC chromatogram visualized in various lights representing separated compounds 
 
3-D graphical display of absorbance peaks (100- 1000 nm) 
Fig. 33 HPTLC fingerprinting of ME of C. quadrangularis and its fractions 
Plant name:  Cissus quadrangularis  
Plant part used:  Stem 
Spotting of samples: 
Track 1 ME 
Track 2 FS-I 
Track 3 FS-II 
Band width  8 mm 
TLC plate size 10 cm ×10 cm 
Two bands distance 23.3 mm 
Sample concentration 20 mg/ml 
Sample volume 10 µl 
Solvent system Toluene : Ethyl acetate : Glacial acetic acid  (8:2:0.1) v/v 
Slit  dimension  6.00 mm × 0.30 mm, Micro 
Track 1 Track 2 Track 1 Track 1 Track 2 Track 2 Track 3 Track 3 Track 3 
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Fig. 34 HPTLC spectra of ME of C. quadrangularis stem 
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Fig. 35 HPTLC spectra of FS-I of C. quadrangularis stem 
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Fig. 36 HPTLC spectra of FS-II of C. quadrangularis stem 
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4.6 ANTICANCER ACTIVITY 
 
4.6.1 HeLa (Human cervical carcinoma) cell line 
 
The anticancer activity of ME of C. quadrangularis and its fractions against HeLa cell 
line was evaluated by MTT assay (Fig. 37). Treatment with ME at concentration of 
0.1, 1, 10 and 50 µg/ml for 24 h resulted in a concentration-dependent reduction in 
cell viability for HeLa cells (Fig. 37a). Estimated IC50 value for suppression of cell 
proliferation at 24 h was 12.40 µg/ml. The IC50 value of FS-I and FS-II were > 50 
µg/ml (Table 7). Treatment with standard doxorubicin at concentration of 0.01, 0.1, 
0.5 and 1 µg/ml for 24 h resulted in a concentration-dependent reduction in cell 
viability for HeLa cells (Fig. 37b). Its IC50 value was 0.070 µg/ml (Table 6).  
 
4.6.2 A549 (Human lung adenocarcinoma epithelial) cell line 
 
The anticancer activity of ME of C. quadrangularis stem and its fractions against 
A549 cell line was evaluated by MTT assay (Fig. 38). Treatment with ME at 
concentration of 0.1, 1, 10 and 50 µg/ml for 24 h resulted in a concentration-
dependent reduction in cell viability for A549 cells (Fig. 38a). Estimated IC50 value 
for suppression of cell proliferation at 24 h was 5.93 µg/ml. The IC50 value of FS-I 
and FS-II were > 50 µg/ml (Table 7). Treatment with standard doxorubicin at 
concentration of 0.01, 0.1, 0.5 and 1 µg/ml for 24 h resulted in a concentration-
dependent reduction in cell viability for A549 cells (Fig. 38b).  Its IC50 value was 
0.376 µg/ml (Table 6). ME showed good anticancer activity against A549 cell line 
than the HeLa cell line. Effect on ME on the proliferation of HeLa and A549 cells are 
shown in Fig. 39 and 40 respectively. In both cell lines, number of cells in treated 
plate (ME) reduced than in the control plate.   
 
Table 7: The IC50 value of anticancer activity of ME of C. quadrangularis stem and 
its fractions 
Sr. No. Sample 
IC50 value  (µg/ml) 
HeLa A549 
1 ME 12.40 5.93 
2 FS-I     > 50  > 50 
3 FS-II     > 50  > 50 
4 Doxorubicin  0.0701 0.376 
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Fig. 37 Effect of ME of C. quadrangularis stem on HeLa cell line 
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Fig. 38 Effect of ME of C. quadrangularis stem on A549 cell line 
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Fig. 39 Effect of ME on the proliferation of HeLa cells (a) Control (b) DMSO (c) ME  
(d) Doxorubicin  
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Fig. 40 Effect of ME on the proliferation of A549 cells (a) Control (b) DMSO (c) ME  
(d) Doxorubicin  
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4.7 IN VIVO ANTIOXIDANT STUDY 
 
4.7.1 Carbon tetrachloride induced stress model 
 
4.7.1.1 Biochemical analysis from serum 
 
The results of serum biochemical parameters are given in Fig. 41. A marked reduction 
in total protein and albumin level was observed in the group treated with CCl4 and 
they were highly significant (P < 0.01, P < 0.05 respectively) when compared with the 
normal control group. Rats treated with CCl4 (toxin control) developed significant 
liver damage and it was well indicated by elevated levels of hepato specific enzymes, 
like SGOT (P < 0.001) and SGPT (P < 0.001) in serum. The ALP level increased in 
the group treated with CCl4 but not to a significant level. 
 
The groups that received, the pre-treatment of FS-II at dose levels of 150 and 300 
mg/kg body weight, significantly controlled the change in the biochemical 
parameters. The total protein content and albumin level increased in FS-II treated 
groups (150 mg/kg and 300 mg/kg, b.w.) and standard drug vitamin E (50 mg/kg, 
b.w.) but not to a significant level. The animals treated with FS-II (150 mg/kg and 300 
mg/kg, b.w.) standard vitamin E (50 mg/kg, b.w.) showed marked decrease in SGPT 
and SGOT levels. SGPT level decreased significantly (P < 0.05) in vitamin E treated 
group. The alkaline phosphatase level decreased in FS-II treated groups (150 mg/kg 
and 300 mg/kg, b.w.) but not to a significant level.  
 
4.7.1.2 Antioxidant parameters from liver homogenate 
 
The result of relative liver weight, liver total protein and antioxidant enzymes in CCl4 
induced stress are given in Fig. 42. The relative liver weight in toxin control group, 
increased significantly (P < 0.001) as compared to normal control group. In toxin 
control group total protein content decreased while malondialdehyde (MDA) level 
increased as compared to normal control group. The significant (P < 0.01) decrease of 
catalase activity was observed in toxin control group as compared to normal control 
group. The marked decreased in GPx and SOD activity was also observed in toxin 
control group. 
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Fig. 41 Effect of FS-II of C. quadrangularis stem on different serum biochemical 
parameters in CCl4 (2 ml/kg) induced hepatic damage in rats. Group I: 
Normal control, Group II: Toxin control CCl4, Group III: FS-II-150 mg/kg + 
CCl4, Group IV: FS-II-300 mg/kg + CCl4, Group V: Vitamin E 50 mg/kg + 
CCl4. Results are expressed as mean ± SEM, (n = 6). #P < 0.05, ##p < 0.01, 
###p < 0.001 as compared with normal control group; *p < 0.05, as compared 
with toxin control group 
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Fig. 42 Effect of FS-II of C. quadrangularis stem on relative liver weight, liver total 
protein and different liver antioxidants in CCl4 (2 ml/kg) induced hepatic 
damage in rats. Group I: Normal control, Group II: Toxin control CCl4, 
Group III: FS-II-150 mg/kg + CCl4, Group IV: FS-II-300 mg/kg + CCl4, 
Group V: Vitamin E 50 mg/kg + CCl4. Results are expressed as mean ± SEM, 
(n = 6).  ##p < 0.01, ###p < 0.001 as compared with normal control group; 
**p < 0.01, ***p < 0.001 as compared with toxin control group 
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The mean relative liver weight in FS-II at both the doses decreased slightly as 
compared to the toxin control group. The total protein level increased in all the groups 
as compared to toxin control group but the significance of increase was different in 
different groups. At lower dose of FS-II, the increase in protein level was significant 
at P < 0.001 while at higher dose and in standard group the increase in protein level 
was significant at P < 0.01. Treatment with lower dose of FS-II as well as in the 
standard drug showed significant (P < 0.001, P < 0.01 respectively) decrease of MDA 
level as compared to toxin control group, while in higher dose it decreased but not to 
a significant level. Catalase activity increased at both the dose levels as well as in the 
standard drug but not to a significant level. GPx activity increased in high dose as 
well as in the standard drug treated group but not to a significant level. The SOD 
activity increased in low dose but not to a significant level.  
 
4.7.2 Water immersion stress model 
 
4.7.2.1 Biochemical analysis from serum 
 
The results of serum biochemical parameters are given in Fig. 43. The total protein 
content in serum significantly increased in lower (P < 0.05) as well as in higher (P < 
0.01) dose treated groups as compared to stress control group. The albumin level in 
lower dose treated group increased significantly (P < 0.05) as compared to the stress 
control group. The SGPT and SGOT activity was almost similar in lower dose as 
compared to stress control group. The SGOT activity significantly (P < 0.05) 
decreased in higher dose as compared to stress control group. The ALP activity 
significantly (P < 0.05) decreased in lower dose as compared to stress control group, 
while ALP activity decreased in higher dose as compared to stress control group, but 
not to a significant level. 
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Fig. 43 Effect of FS-II of C. quadrangularis stem on different serum biochemical 
parameters in water immersion stress model. Group I: Control (Stress), Group 
II: FS-II-150 mg/kg Group III: FS-II-300 mg/kg. Results are expressed as 
mean ± SEM, (n = 6). *p < 0.05, **p < 0.01, ***p < 0.001 compared to stress 
(swim) control 
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4.7.2.2 Antioxidant parameters from liver homogenate 
 
The result of relative liver weight, liver total protein and antioxidant enzymes in water 
immersion stress model are given in Fig. 44. The relative liver weight significantly (P 
< 0.05) decreased at both dose levels as compared to stress control group. The total 
protein content significantly (P < 0.001) increased at both dose levels as compared to 
stress control group. Treatment with both doses showed significant (P < 0.001) 
decrease in MDA level when compared to stress control group. The catalase activity 
increased at both dose levels as compared to stress control group but not to a 
significant level. The GPx and SOD activity increased at both dose levels, in which 
SOD activity significantly increased in lower (P < 0.01) as well as in higher (P < 
0.05) dose level as compared to stress control group. 
 
4.8 ACUTE TOXICITY 
 
In acute toxicity study, no adverse reactions or mortality were observed in animals of 
both the sexes at all dose levels of FS-II (200, 400 and 800 mg/kg, b.w.) of C. 
quadrangularis stem during the entire period of experimentation. There were no 
clinical signs or abnormal behavior on animals tested. 
 
4.8.1 Effect of the FS-II on feed and water intake 
 
During acute toxicity study, feed and water consumption pattern showed some 
alteration in daily feed and water intake in both male and female rats (Fig. 45 and 46) 
treated with single dose of extract as well as in control animals. As compared to the 
control group, drug treated groups had several consecutive days of reduced/increased 
feed and water consumption at different times in the study. These periods of 
reduced/increased feed and water intake were not significant to the overall feed and 
water consumption rates. 
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Fig. 44 Effect of FS-II of C. quadrangularis stem on relative liver weight, liver total 
protein and different liver antioxidants in water immersion stress model. 
Group I: Control (Stress), Group II: FS-II-150 mg/kg Group III: FS-II-300 
mg/kg. Results are expressed as mean ± SEM, (n = 6). *p < 0.05, **p < 0.01, 
***p < 0.001 compared to stress (swim) control 
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Fig. 45 Changes in feed consumption (g/day/animal) of male and female rats during 
acute toxicity study 
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Fig. 46 Changes in water consumption (ml/day/animal) of male and female rats 
during acute toxicity study 
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4.8.2 Effect of the FS-II on body weight 
 
Individual body weights were recorded daily during the experimental period. Mean 
body weight gains were calculated for each group. In control and FS-II treated groups, 
body weight of animals slightly increased during experimental period (Fig. 47), but 
the increase was not significant. 
 
4.8.3 Effect of the FS-II on organ weight 
 
The relative organ weights of male and female rats are shown in Table 8 and 9 
respectively. Gross examination of internal organs of all the rats revealed no 
detectable abnormalities. There was no significant change in the relative weights of 
liver, spleen, lungs, thymus glands and testis at all dose levels as compared to control 
group. There were alterations in the weight of a few organs but this was not observed 
with all doses. The relative weight of heart and kidney in male rats significantly 
increased (P < 0.05) at 200 mg/kg, 800 mg/kg respectively. The relative weight of 
adrenal in male rats significantly decreased (P < 0.05) only at 400 mg/kg dose, while 
in female rats it significantly increased at all dose levels as compared to control 
group. The relative weight of kidney in female rats significantly decreased (P < 0.05) 
at 800 mg/kg dose level.  
 
4.8.4 Effect of the FS-II on hematological parameters 
 
The hematological parameters of male and female rats are shown in Table 10 and 11 
respectively. In male rats, the Hb level decreased significantly (P < 0.05) at 200 and 
800 mg/kg dose levels while in female rats there was no significant change. In male 
rats, the HCT decreased significantly (P < 0.05) at 200 mg/kg dose level, while in 
female rats, it increased significantly (P < 0.05) at dose level 400 and 800 mg/kg. In 
male rats, there was no significant change in all other parameters like RBC, MCV, 
MCH, M.C.H.C., RDW-SD, RDW-CV, platelet count, PDW, MPV, P-LCR, PCT, 
WBC, neutrophils, lymphocytes, monocytes, eosinophils, and basophiles at all doses. 
However in female rats some amount of significant changes were observed in some 
other parameters. In female rats, the MCV, RDW-SD and neutrophils increased  
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Fig. 47 Changes in body weight (g) of male and female rats during acute toxicity   
study 
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significantly (P < 0.05) at 400 and 800 mg/kg dose levels, while M.C.H.C and 
lymphocytes decreased significantly (P < 0.05) at 400 and 800 mg/kg dose levels. On 
the other hand, the PDW, MPV and P-LCR increased significantly (P < 0.05) only at 
400 mg/kg dose level. 
 
Table 8: Relative organ weight (g/100 g body weight) of male rats treated with FS-II    
of C. quadrangularis stem in acute toxicity study 
 
 
  FS-II (mg/kg, b.w.) treated group 
Organs Control 200 400 800 
Heart 0.330 ± 0.005 0.302 ± 0.005* 0.310 ± 0.013 0.321 ± 0.006 
Liver 2.976 ± 0.237 2.816 ± 0.197 2.912 ± 0.044 3.215 ± 0.200 
Spleen 0.206 ± 0.017 0.193 ± 0.007 0.217 ± 0.017 0.237 ± 0.020 
Lungs 0.535 ± 0.046 0.620 ± 0.028 0.538 ± 0.022 0.527 ± 0.067 
Thymus 0.235 ± 0.052 0.196 ± 0.024 0.188 ± 0.010 0.205 ± 0.023 
Adrenal 0.010 ± 0.001 0.008 ± 0.000 0.007 ± 0.001* 0.008 ± 0.000 
Kidney 0.390 ± 0.003 0.405 ± 0.022 0.409 ± 0.014 0.493 ± 0.011* 
Testis 0.497 ± 0.018 0.452 ± 0.021 0.454 ± 0.013 0.459 ± 0.062 
 
Values are expressed as mean ± SEM (n = 3), *P < 0.05. 
 
 
Table 9: Relative organ weight (g/100 g body weight) of female rats treated with FS-
II of C. quadrangularis stem in acute toxicity study 
 
 
  FS-II -II (mg/kg, b.w.) treated group 
Organs Control 200 400 800 
Heart 0.324 ± 0.010 0.310 ± 0.006 0.327 ± 0.015 0.308 ± 0.006 
Liver 2.680 ± 0.072 2.700 ± 0.056 2.707 ± 0.131 2.799 ± 0.183 
Spleen 0.246 ± 0.012 0.223 ± 0.010 0.233 ± 0.012 0.230 ± 0.012 
Lungs 0.665 ± 0.061 0.605 ± 0.040 0.599 ± 0.043 0.582 ± 0.036 
Thymus 0.196 ± 0.007 0.186 ± 0.006 0.179 ± 0.005 0.181 ± 0.009 
Adrenal 0.009 ± 0.000 0.015 ± 0.002* 0.013 ± 0.001* 0.014 ± 0.001* 
Kidney 0.351 ± 0.017 0.388 ± 0.013 0.360 ± 0.015 0.215 ± 0.006* 
Uterus 0.310 ± 0.015 0.304 ± 0.042 0.338 ± 0.047 0.308 ± 0.025 
 
 
Values are expressed as mean ± SEM (n = 5), *P < 0.05. 
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Table 10: Hematological parameters of male rats treated with FS-II of C. 
quadrangularis stem in acute toxicity study 
 
  FS-II (mg/kg, b.w.) treated group 
Parameters Control 200 400 800 
Hb (g/dL) 15.23 ± 0.120 14.50 ± 0.10* 14.87 ± 0.41 14.5 ± 3.5* 
RBC (10
6
/µl) 8.94 ± 0.150 8.52 ± 0.09 8.75 ± 0.10 8.4 ± 2.4 
HCT (%) 47.10 ± 0.252 45.13 ± 0.09* 46.03 ± 0.84 44.9 ± 2.6 
MCV (Fl) 52.70 ± 1.127 52.93 ± 0.58 52.63 ± 1.53 53.5 ± 0.5 
MCH (pg) 17.03 ± 0.176 17.03 ± 0.07 17.00 ± 0.60 17.3 ± 0.5 
M.C.H.C.(g/dL) 32.30 ± 0.404 32.13 ± 0.24 32.27 ± 0.62 32.3 ± 1.6 
RDW-SD (fl) 32.33 ± 0.841 30.43 ±  0.73 33.03 ± 1.60 31.8 ± 0.4 
RDW-CV (%) 19.73 ± 0.561 18.47 ± 0.34 20.00 ± 0.84 18.9 ± 1.4 
Platelet Count 
(10
3
/µl) 
1326.33 ± 66.218 1262.67 ± 19.70 1357.67 ± 130.73 1308.7 ±0.1 
PDW (fl) 9.93 ± 0.809 9.70 ± 0.29 9.47 ± 0.43 9.7 ± 0.3 
MPV (fl) 9.07 ± 0.406 9.10 ± 0.15 8.90 ± 0.23 9.1 ± 0.2 
P-LCR (%) 17.43 ± 3.381 17.30 ± 1.08 15.93 ± 1.94 17.6 ± 0.0 
PCT (%) 1.21 ± 0.112 1.15 ± 0.00 1.21 ± 0.14 1.2 ± 0.1 
WBC (10
3
/µl) 8.42 ± 2.368 7.16 ± 1.54 7.16 ± 1.12 7.8 ± 0.2 
Neutrophils (%) 16.67 ± 1.960 18.70 ± 4.65 21.37 ± 3.47 19. 2 ± 0.9 
Lymphocytes 
(%) 
79.27 ± 2.298 76.53 ± 5.02 74.73 ± 2.92 74.5 ± 1.6 
Monocyte (%) 2.40 ± 0.666 3.00 ± 0.64 1.93 ± 0.24 2.1 ± 0.4 
Eosinophils (%) 1.37 ± 0.186 1.13 ± 0.12 0.90 ± 0.17 2.5 ± 1.7 
Basophils (%) 0.27 ± 0.267 0.60 ± 0.60 1.07 ± 0.48 1.6 ± 1.9 
 
 
Values are expressed as mean ± SEM (n = 3), *P < 0.05. 
 
RBC - red blood cell; Hb - hemoglobin; PCV - packed cell volume; MCV – mean 
corpuscular volume; MCH - mean corpuscular hemoglobin; MCHC - mean 
corpuscular haemoglobin concentration; WBC - white blood cell 
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Table 11: Hematological parameters of female rats treated with FS-II of C.   
quadrangularis stem in acute toxicity study 
 
  FS-II (mg/kg, b.w.) treated group 
Parameters Control 200 400 800 
Hb (g/dL) 14.8 ± 0.3 14.98  ± 0.35 14.66 ± 0.23 15.38 ± 1.59 
RBC (10
6
/µl) 8.5 ± 0.2 8.42 ± 0.18 8.36 ± 0.24 8.88 ± 1.64 
HCT (%) 44.9 ± 0.9 45.78 ± 1.31 48.16 ± 0.53* 49.66 ± 3.68* 
MCV (Fl) 52.7 ± 1.1 54.40 ± 1.24 57.78 ± 1.67* 55.92 ± 2.41* 
MCH (pg) 17.3 ± 0.3 17.80 ± 0.34 17.56 ± 0.36 17.32 ± 0.00 
M.C.H.C.(g/dL) 32.9 ± 0.2 32.74 ± 0.17 30.46 ± 0.41* 30.96 ± 6.96* 
RDW-SD (fl) 27.9 ± 0.9 27.94 ± 0.60 33.12 ± 0.65* 31.98 ± 2.65* 
RDW-CV (%) 17.4 ± 0.5 16.68 ± 0.49 18.42 ± 0.74 18.70 ± 1.76 
Platelet Count 
(10
3
/µl) 
986.4 ± 49.2 1001.60 ± 56.81 1003.00 ± 65.21 958.80 ± 0.26 
PDW (fl) 7.1 ± 0.2 7.36 ± 0.19 7.68 ± 0.14* 7.64 ± 2.14 
MPV (fl) 7.2 ± 0.1 7.44 ± 0.12 7.60 ± 0.08* 7.52 ± 1.67 
P-LCR (%) 5.5 ± 0.6 6.84 ± 0.70 7.38 ± 0.53* 6.98 ± 1.42 
PCT (%) 0.7 ± 0.0 0.74 ± 0.03 0.76 ± 0.05 0.72 ± 0.12 
WBC (10
3
/µl) 8.0 ± 0.7 8.91 ± 0.68 8.26 ±  0.76 6.74 ± 0.95 
Neutrophils (%) 13.9 ± 1.6 16.40 ± 2.51 20.72 ± 1.46* 23.90 ± 3.19* 
Lymphocytes 
(%) 
82.7 ± 1.9 79.78 ± 3.02 73.66 ± 1.34* 72.00 ± 3.14* 
Monocyte (%) 2.3 ± 0.3 2.36 ± 0.34 2.72 ± 0.10 2.52 ± 0.26 
Eosinophils (%) 1.1 0.1 1.44 ± 0.45 1.98 ± 0.42 1.40 ± 1.10 
Basophils (%) 0.0 ± 0.0 0.02 ± 0.02 0.82 ± 0.37 0.12 ± 2.05 
 
Values are expressed as mean ± SEM (n = 5), *P < 0.05. 
 
RBC - red blood cell; Hb - hemoglobin; PCV - packed cell volume; MCV – mean 
corpuscular volume; MCH - mean corpuscular hemoglobin; MCHC - mean 
corpuscular haemoglobin concentration; WBC - white blood cell 
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5.1 PHARMACOGNOSTIC STUDIES 
 
The main diagnostic microscopic features of Cissus quadrangularis were 4-angled 
stem, presence of three types of crystals such as rosettes, clusters and bundles of 
acicular. These three types of calcium oxalate crystals were found both in intact stem 
and powder form. The physicochemical constants are important parameters for 
detecting adulteration or improper handling of drugs. The percentage of active 
chemical constituents in crude drugs is mentioned on air-dried basis (Bhattacharya 
and Zaman, 2009), therefore, the loss on drying of plant materials should be 
determined. The moisture content of dry powder of stem was 9.5 % which is not very 
high, hence it would discourage bacteria, fungi or yeast growth. 
 
The important microscopic features of the plant were transverse section of stem 
showing four angled stem; single layered epidermis followed by hypodermis and 
narrow cortex; midrib showing both upper and lower continuous epidermis; arc 
shaped vascular bundles; all three types of calcium oxalate crystals scattered 
throughout.  
 
Cissus quadrangularis L. is used for the treatment of various diseases therefore it is 
important to standardize it for use as a drug. The pharmacognostic constants for the 
stem of this plant, the diagnostic microscopic features and the numerical standards 
reported in this work could be useful for the compilation of a suitable monograph for 
its proper identification. Pharmacognostic studies on different plants like Careya 
arborea Roxb stem (Gupta et al., 2012), Cayratia trifolia leaf (Kumar et al., 2012), 
Cissus quadrangularis L. stem (Nagani et al., 2011), Manilkara hexandra (Roxb.) 
Dubard leaf (Chanda et al., 2010), Manilkara zapota L. leaf (Nagani et al., 2012), 
Polyalthia longifolia var. pendula Leaf (Dave et al., 2010), Psidium guajava L. leaf 
(Kaneria and Chanda, 2011), Punica granatum L. leaf (Bapodara et al., 2011) and 
Tephrosia purpurea (Linn.) Pers. Root (Shah et al., 2011), have been reported.  
 
5.2 PHYSICOCHEMICAL ANALYSIS 
 
The residue remaining after incineration of plant material is the ash content or ash 
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value, which simply represents inorganic salts, naturally occurring in crude drug or 
adhering to it or deliberately added to it, as a form of adulteration. The ash value was 
determined by three different methods viz. total ash, acid-insoluble ash and water-
soluble ash. The total ash method is employed to measure the total amount of material 
remaining after ignition. This includes both ‘physiological ash’ which is derived from 
the plant tissue itself, and ‘non-physiological ash’, which is the residue of the 
extraneous matter adhering to the plant surface. Acid-insoluble ash is a part of total 
ash and measures the amount of silica present, especially as sand and siliceous earth. 
Water soluble ash is the water soluble portion of the total ash (Kokate et al., 2006; 
Dave et al., 2010). These ash values are important quantitative standards. All these 
three parameters were determined in C. quadrangularis stem (Nagani et al., 2011).  
 
5.3 QUALITATIVE PHYTOCHEMICAL ANALYSIS 
 
Phytochemical analysis shows the presence of many medicinally important secondary 
metabolite types of phytoconstituents like alkaloids, cardiac glycosides, saponins, 
triterpenes, which indicates that the plant possesses high profile values and can be 
used to treat various kinds of diseases. The qualitative phytochemical investigation 
gave valuable information about the different phytoconstituents present in the 
extracts, which helps the future investigators regarding the selection of the particular 
extract for further investigation of isolating the active principle (Mishra et al., 2010). 
 
5.4 QUANTITATIVE PHYTOCHEMICAL ANALYSIS 
 
Phenolic compounds are considered to be the most important antioxidants of plant 
materials. They constitute one of the major groups of compounds acting as primary 
antioxidants or free radical terminators. Antioxidant activity of phenolic compounds 
is based on their ability to donate hydrogen atoms to free radicals (Sulaiman et al., 
2011). The phenolic compounds are known to act as antioxidants not only because of 
their ability to donate hydrogen or electrons but also because they are stable radical 
intermediates. Interest in phenolics is increasing in the food industry because of their 
ability to retard oxidative degradation of lipids, thereby improving the quality and 
nutritional value of foods (Wojdylo et al., 2007). In the present study, the total phenol 
content was maximum in FS-II as compared to ME and FS-I. ME and its fractions 
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(FS-I and FS-II) showed direct correlation between phenol content and antioxidant 
activity. There are many reports that phenolic content and antioxidant activity has a 
direct correlation (Rajkumar et al., 2011; Rakholiya et al., 2011; Wu et al., 2011). 
However, this is not always true. In some plants the phenolic content and antioxidant 
activities do not show positive correlation (Yu et al., 2002; Chanda and Nagani, 2010; 
Locatelli et al., 2010). 
 
Flavonoids as one of the most diverse and widespread group of natural compounds 
are probably the most important natural phenolics. Flavonoids are very important 
constituents of plants because of the scavenging ability conferred by their hydroxyl 
groups. The flavonoids may contribute directly to anti-oxidative action. It is known 
that polyphenolic compounds have inhibitory effects on mutagenesis and 
carcinogenesis in humans when up to 1 g daily is consumed from a diet rich in fruits 
and vegetables (Tanaka et al., 1988). Flavonoid compounds from plants are known to 
be good natural antioxidants. These compounds possess a broad spectrum of chemical 
and biological activities including radical scavenging properties (Miliauskas et al., 
2004). Antioxidant activity depends upon the number and positions of hydroxyl 
groups, other substituents and glycosylation of flavonoid molecules (Bouaziz et al., 
2005). In the present study, FS-II showed maximum flavonoid content as compared to 
ME and FS-I. The observed antioxidant activity of FS-II may be attributed to its 
phenol and flavonoid content.  
 
5.5 IN VITRO ANTIOXIDANT ACTIVITY  
 
It has long been recognized that naturally occurring substances in higher plants have 
antioxidant activity. Several mechanisms have been proposed to be involved in the 
antioxidant activity such as hydrogen donation, termination of free radical mediated 
chain reaction, prevention of hydrogen abstraction, chelation of catalytic ions, and 
elimination of peroxides (Gordon, 1990). Owing to the complex reactive nature of 
phytochemicals, the antioxidant activities of plant extracts cannot be evaluated by 
only a single method, but at least two test systems have been recommended for the 
determination of antioxidant activity to establish authenticity (Schlesier et al., 2002; 
Chanda and Dave, 2009). Therefore in the present study, the antioxidant activity of 
ME and its fractions were analyzed by DPPH free radical scavenging activity, 
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superoxide anion free radical scavenging activity, hydroxyl radical scavenging 
activity, ABTS radical cation scavenging activity, ferric reducing antioxidant power 
and reducing capacity assessment. 
 
5.5.1 DPPH free radical scavenging activity  
 
DPPH assay has become quite popular in natural antioxidant studies. One of the 
reasons is that this method is simple and highly sensitive. DPPH
•
 is one of the few 
stable and commercially available organic nitrogen radicals (MacDonald et al., 2006). 
The antioxidant effect is proportional to the disappearance of DPPH
•
 in test samples. 
Various methods of monitoring the amount of DPPH
•
 in the antioxidant test system 
have been reported: electron spin resonance spectroscopy (ESR)/plant powders, 
NMR/catechins and UV spectrophotometry/polyphenols (Moon and Shibamoto, 
2009). However, monitoring DPPH
•
 with a UV spectrophotometer has become the 
most widely and commonly used method recently because of its simplicity and 
accuracy. DPPH
•
 shows a strong absorption maximum at 517 nm (purple). Generally, 
DPPH radical scavenging activity of the plant extracts is concentration dependent and 
a lower IC50 value reflects better protective action. In the present study only FS-II 
showed concentration dependent activity and had lower IC50 value than FS-I and ME; 
however the scavenging effect was significantly lower than that of standard ascorbic 
acid. The antioxidant activity of FS-II on the DPPH
• 
radical may be attributed to a 
direct role in trapping free radicals by donating a hydrogen atom.   Zhao et al. (2006) 
also reported that phenolics and flavonoids reduce DPPH radical by their hydrogen 
donating ability.  
 
5.5.2 Superoxide anion radical scavenging activity 
 
Superoxide anions play important role in the formation of ROS such as hydrogen 
peroxide, hydroxyl radical and singlet oxygen which induce oxidative damage in 
lipids, proteins and DNA (Wickens, 2001). Superoxide anion radical (O2
•-
) is a weak 
oxidant but it gives rise to the generation of powerful and dangerous hydroxyl radicals 
as well as singlet oxygen, both free radicals contribute to oxidative stress (Elmastas et 
al. 2006). In PMS-NADH-NBT system, superoxide anion derived from dissolved 
oxygen by PMS-NADH coupling reaction reduces NBT. Antioxidants are able to 
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inhibit the blue NBT formation. The decrease of absorbance at 560 nm with 
antioxidants thus indicates the consumption of superoxide anion radical in the 
reaction mixture. In the present study, the IC50 value of ME of C. quadrangularis stem 
and its fractions were >1000 µg/ml. It indicates that this extracts was not a good 
scavenger of superoxide anion radical. Similar results i.e. no superoxide anion radical 
activity was reported in methanolic extract of peels of some vegetables (Rakholiya et 
al., 2011). Locatelli et al., (2010) also reported no correlation between superoxide 
anion radical scavenging activity and total phenol content.  
 
5.5.3 ABTS radical cation scavenging activity 
 
The ABTS method is one of the most often used method for the determination of total 
antioxidant capacity. It is based on  neutralization of radical cation formed by a 
single-electron oxidation of a synthetic ABTS chromophore to a strongly absorbing 
ABTS
•+ 
radical according to the reaction ABTS-e
- → ABTS•+. A stable ABTS radical 
cation, which has blue-green chromophore absorption, was produced by oxidation of 
ABTS with potassium persulfate prior to the addition of antioxidants (Stratil et al., 
2006). The antioxidant activity of the natural products, including carotenoids, 
phenolic compounds, and some plasma antioxidants, is determined by the 
decolorization of the ABTS, by measuring the absorbance at 734 nm (Biglari et al., 
2008). In the present study, FS-II showed better ABTS radical scavenging activity than FS-I 
and ME. ABTS showed a positive correlation with total phenol content. FS-II had maximum 
phenol content and lowest IC50 value.  ME and FS-I showed better ABTS radical scavenging 
activity than hydroxyl radical activity. 
 
5.5.4 Hydroxyl radical scavenging activity 
 
The hydroxyl radical scavenging assay allows assessment of abilities of extracts to 
exert pro-oxidant action, scavenge hydroxyl radicals generated by Fenton systems, 
and assessment of abilities to chelate metal iron (Aruoma, 2003). Only FS-II of C. 
quadrangularis showed good hydroxyl radical scavenging activity. These results 
showed that induced deoxyribose cleavage was in a concentration-dependent manner. 
The scavenging effect of FS-II increased with increasing sample concentration. 
Serbetci et al., (2012) reported that when EDTA chelated iron (III) ions are incubated 
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with deoxyribose, reducing agent such as ascorbic acid and H2O2, the plant extract is 
capable of inhibiting TBARS formation by scavenging hydroxyl radicals before they 
are reacted with the 2-deoxy- d-ribose substrate. On the other hand, Diplock (1997) 
has suggested that the scavenging activity for hydroxyl radicals was not due to 
directly scavenging but due to inhibition of hydroxyl radical generation by chelating 
ions such as Fe
2+
 and Cu
+
.  In the present study, FS-II exhibited a higher scavenging 
rate against hydroxyl radicals than ME and FS-I by either one of the above mentioned 
mechanism. It is likely that this chelating effect might be responsible for the inhibition 
of Fe
2+
 oxidation. 
 
5.5.5 Ferric reducing antioxidant power 
 
FRAP assay is commonly used for the routine analysis of single antioxidant and total 
antioxidant activity of plant extracts (Xu et al., 2009; Kaneria et al., 2012). 
Antioxidative activity has been proposed to be related to its reducing power. The 
FRAP assay measures directly the ability of antioxidants to reduce a ferric 
tripyridyltriazine complex (Fe
3+
-TPTZ) to the ferrous complex (Fe
2+
-TPTZ) (Alanon 
et al., 2011). When Fe
3+
-TPTZ complex is reduced to Fe
2+
 form by an antioxidant 
under acidic conditions, an intense blue color with absorption maximum at 593 nm. 
Therefore, the reducing ability can be evaluated by monitoring the formation of a 
Fe
2+
-TPTZ complex with a spectrophotometer (Moon and Shibamoto, 2009). In the 
present study, FS-II had higher FRAP values as compared to ME and FS-I. Higher 
FRAP values, together with increased concentrations of antioxidant compounds, have 
also been reported by Kaneria et al. (2012), Nencini et al. (2011) and Rajkumar et al. 
(2011). It was demonstrated that the plant extracts showed a mechanism of action as 
electron donors and they terminated the oxidation chain reaction by reducing the 
oxidized intermediates into more stable forms (Rivas-Arreola et al., 2010; Kaneria et 
al., 2012). Like ABTS, FRAP showed a positive correlation with total phenol content.  
 
5.5.6 Reducing capacity assessment 
 
Many studies have demonstrated that the reducing power in natural plant extracts is 
strongly correlated with their antioxidant activities (Chanda and Kaneria, 2012; 
Mbaebie et al., 2012). Fe
3+
 reduction is often used as an indicator of electron donating 
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activity, which is an important mechanism of phenolic antioxidant action and can be 
strongly correlated with other antioxidant properties. The reducing properties of the 
plant extracts are generally associated with the presence of reductones, which have 
been shown to exert antioxidant action by breaking the free radical chain by donating 
a hydrogen atom (Sajeesh et al., 2011). In the reducing power assay, the presence of 
antioxidants in the samples would result in the reduction of Fe
3+
 to Fe
2+ 
by donating 
an electron. Amount of Fe
2+ 
complex can be then monitored by measuring the 
formation of Perl’s Prussian blue at 700 nm. Increasing absorbance at 700 nm 
indicates an increase in reductive power of the extract. The reducing power was 
confirmed by the changes of yellow color of the test solution to various shades of 
green and blue depending on the concentration of the plant extract. The reducing 
power of ME of C. quadrangularis and its fractions and the standard drug increased 
with increase in the concentration however the extracts showed very poor reducing 
capacity. 
  
There was a differential response of ME of C. quadrangularis and its fractions in 
various antioxidant tests. This may be explained by the fact that transfer of 
electrons/hydrogen from antioxidants occur at different redox potential in various 
systems and the transfer also depends on the structure of antioxidants (Loo et al., 
2008).  
 
5.6 SPECTRAL ANALYSIS  
 
The ultraviolet spectroscopy method is very much useful for identification of 
unsaturated bonds present in a plant component, which can be used to distinguish 
between conjugated and non conjugated system. Using the principle of absorption 
maxima, the structure of compounds can be deduced. Gas chromatography mass 
spectrometry (GC‐MS) is a method that combines the features of gas‐liquid 
chromatography and mass spectrometry to identify different substances within a test 
sample. Applications of GC‐MS include drug detection, fire investigation, 
environmental analysis, explosives investigation, and identification of unknown 
samples (Manjamalai et al., 2011). The presence of fatty acids and aromatic 
compounds in ME and its fractions may be responsible for the observed 
pharmacological properties of C. quadrangularis. In the present study, GC-MS data  
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showed the highest presence of saturated and unsaturated fatty acids like, 
hexadecanoic acid (CAS) palmitic acid, octadecanoic acid (CAS) stearic acid, 9,12-
octadecadienoic acid (Z,Z)-(CAS) linoleic acid, 2-Hexadecenoic acid, methyl ester 
7,10-octadecadienoic acid methyl ester, linoleic acid, butyl ester and 9,12-
Octadecadienoic acid (Z,Z)-,2,3-dihydroxypropyl ester in ME and its fractions of 
Cissus quadrangularis L. In all, 29 compounds were present in ME and its fractions; 
some of them are reported earlier (Thakur et al., 2009; Rao et al., 2011) and it is quite 
appreciable that some we are reporting for the first time.  
 
HPTLC is a valuable tool for reliable identification. It can provide chromatographic 
fingerprints that can be visualized and stored as electronic images (Manikandan and 
Doss, 2010). HPTLC determination using a modern scanner with DAD makes it 
possible to apply the extract containing solution directly on the HPTLC plates without 
prior preparation steps. The optimum wavelength for quantification can easily be 
chosen via the DAD spectrum. The full spectrum is taken at once and allows to judge 
the resulting densitogram (Pozharitskaya et al., 2007). HPTLC method has emerged 
as an important tool for the qualitative and quantitative phytochemical analysis of 
herbal drugs and formulations (Sajeeth et al., 2010). This analysis is the first step 
towards understanding the nature of active principles and their detailed 
phytochemistry. In the presence study, ME and its fractions (FS-I and FS-II) showed 
21, 24 and 17 peaks respectively in chromatogram produced by HPTLC. HPTLC 
fingerprinting is proved to be a linear, precise, accurate method for herbal 
identification and can be used further in authentication and characterization of the 
medicinally important characteristics of C. quadrangularis.  
 
5.7 ANTICANCER ACTIVITY 
 
Cancer develops when the balance between cell proliferation and cell death is 
disturbed, and aberrant cell proliferation leads to tumor growth. In this study, the 
anticancer activities of the ME of C. quadrangularis and its fractions were 
investigated using an 3-(4,5-dimethylthiazole-2yl)-2,5-diphenyl tetrazolium bromide 
assay on two human cancer cell lines A549 (human lung adenocarcinoma epithelial 
cell line) and HeLa (human cervical carcinoma cell line). A mitochondrial enzyme in 
living cells, succinate dehydrogenase, cleaves the tetrazolium ring and converts the 
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MTT to an insoluble purple formazan and the amount of formazan produced is 
directly proportional to the number of viable cells (Lee et al., 2004). Doxorubicin, a 
broad-spectrum antitumor agent, widely used in the treatment of several cancers 
(Singal and Iliskovic, 1998) was used as a positive control in this study. 
 
ME of C. quadrangularis showed dose dependent inhibition of cell proliferation in 
lung cancer cells and cervical cancer cells; it showed a concentration dependent 
decrease in cell viability on treatment with different concentrations of ME extract. 
However, in FS-I and FS-II, a concentration dependent decrease in cell viability was 
not observed. A lower IC50 value of ME was observed which may be due to the 
synergistic action of both cytotoxic and cytoprotective components present in the 
extract (Babykutty et al., 2009). Various components in herbs may have synergistic 
activities or buffer toxic effects of other components. In addition, extracts from a 
mixture of herbs may have more therapeutic or cancer preventive activities than single 
herb. Several studies have demonstrated that extracts from some herbal medicines or 
their mixtures have anticancer potential and can inhibit cancer cell proliferation in 
vitro and/or in vivo (Bonham et al., 2008; Dongre et al., 2008; Jain and Jain, 2011). 
ME showed good anticancer activity against A549 cell line than the HeLa cell line.  
 
The search for anticancer agents from natural sources has been successful worldwide. 
Ethnopharmacological knowledge is a helpful lead in the search for plants with 
potential cytotoxic activity. This is the first report of cytotoxic activity of the C. 
quadrangularis, on cancer cells A549 and HeLa.  
 
5.8 IN VIVO ANTIOXIDANT ACTIVITY 
 
5.8.1 CCl4 induced model  
 
The pathological disturbances caused by CCl4 are extensively used for the evaluation 
of antioxidant effects of drugs and extracts of plant (Jain et al., 2008). The toxic 
metabolite CCl3 radical is produced which is further converted to trichloromethyl 
peroxy radical by cytochrome P450 2E1 enzyme. This radical binds covalently to the 
macromolecules and causes peroxidative degradation of cellular membrane leading to 
the necrosis of hepatocytes (Brattin et al., 1985). Souza et al., (1997) suggests that 
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increase in MDA levels, enhanced lipid peroxidation lead to tissue damage and failure 
of antioxidant defense mechanisms to prevent formation of excessive free radicals. 
 
The levels of total proteins and albumin were reduced due to the hepatotoxin 
intoxication. The reduction is attributed to the damage produced and localized in the 
endoplasmic reticulum which results in the loss of P450 leading to its functional 
failure with a decrease in protein synthesis and accumulation of triglycerides 
(Sureshkumar and Mishra, 2006). In the present study, CCl4 intoxication reduced the 
serum total protein and albumin levels. The pretreatment of FS-II restored the total 
protein and albumin levels. The rise in protein and albumin level suggests the 
stabilization of endoplasmic reticulum leading to protein synthesis (Mondal et al., 
2005; Tanna et al., 2009).  
 
When liver is injured by CCl4, membrane permeability of liver parenchyma cell is 
intensified and as a consequence, the activities of SGOT and SGPT in serum increase 
sharply and it is well known fact that serum amino transferase activities are sensitive 
indicators of hepatic injury (Yan et al., 2009).  In this study, significant increase in 
SGOT and SGPT levels in the serum were observed after administration of CCl4. ALP 
level also increased after CCl4 administration. The pretreatment of FS-II in animals 
prevented the elevation of these enzyme levels in serum. 
 
The CCl4 intoxication causes disruption and disassociation of polyribosomes on 
endoplasmic reticulum and thereby reduce the biosynthesis of protein (Sathesh Kumar 
et al., 2009). In the present study, CCl4 intoxication reduced the total protein level in 
liver homogenate. The pre-treatment of FS-II well restored the proteins synthesis by 
protecting the polyribosomes. The rise in protein level suggests the stabilization of 
endoplasmic reticulum leading to protein synthesis (Sureshkumar and Mishra, 2006). 
 
The massive generation of the free radicals in the CCl4 induced liver damage 
provokes a sharp increase of lipid peroxidation in liver. CCl4 induces fatty liver and 
cell necrosis and plays a significant role in inducing depletion of reduced glutathione, 
increased lipid peroxidation, membrane damage, depression of protein synthesis and 
loss of enzyme activity (Jiang et al., 2011). The groups that received the CCl4 
treatment alone were prone to high lipid peroxidation, whereas the groups that 
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received the pre-treatment of FS-II exhibited significant protection. This suggests the 
defense mechanism against the reactive oxygen species and thereby the antioxidant 
potential of FS-II (Sathesh Kumar et al., 2009). 
 
The role of free radical reactions in disease pathology is well established, suggesting 
that these reactions are necessary for normal metabolism but can be detrimental to 
health; the antioxidants protect against free radicals induced oxidative damage by 
antioxidant enzymes such as superoxide dismutase and catalase or antioxidant 
compounds (Kakoti et al., 2007). Biological systems protect themselves against the 
damaging effects of activated species by several means. These include free radical 
scavengers and chain reaction terminators; enzymes such as SOD, CAT and GPx 
system (Kurata et al., 1993; Sambath Kumar et al., 2010). Catalase is a key 
component of the antioxidant defense system. Inhibition of these protective 
mechanisms results in enhanced sensitivity to free radical-induced cellular damage. 
Excessive production of free radicals may result in alterations in the biological 
activity of cellular macromolecules. Therefore the reduction in the activity of these 
enzymes may result in a number of deleterious effects due to the accumulation of 
superoxide radicals and hydrogen peroxide. Administration of FS-II increased the 
activity of catalase in CCl4 treated rats to prevent the accumulation of excessive free 
radicals and protects the liver from CCl4 intoxication (Sambath Kumar et al., 2010). 
In the present study, the hepatic antioxidant enzymatic of SOD and GPx activities 
decreased in CCl4-intoxicated rats as compared with control group, implying 
increased oxidative damage to the liver. 
 
5.8.2 Water immersion model 
 
In water immersion model, stress causes both sympathetic and parasympathetic 
stimulation of stomach leading to local hypoxia. The ischemic condition causes an 
increase in the levels of H2O2 which in conjugation with O2 generates 
•
OH ions which 
oxidize various cellular constituents such as proteins, membrane lipids, etc (Tandon et 
al., 2004).  
 
According to Arakawa et al., (1997) rats exposed to water immersion restrain stress 
for 6 h, cause an increase in plasma SGPT, SGOT, and ALP level. The results 
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obtained in this study also showed water immersion stress caused increase in SGPT, 
SGOT, ALP levels, while total protein and albumin levels decreased. Treatment with 
FS-II reduced the level of this elevated enzyme activities and increased the level of 
total protein and albumin level.  
 
The reduction of protein in control group indicates depletion in the protein reserve. 
FS-II administration significantly increased the total protein leading to normalization. 
Pretreatment of FS-II decreased the liver weight significantly indicating prevention of 
liver tissue from damage. Lipid peroxidation is the result of any free radical attack on 
membrane and other lipid constituents (Zhou et al., 2010). FS-II significantly 
inhibited the degree of lipid peroxidation. This inhibition of lipid peroxidation may be 
due to termination of the radical chain reaction after its propagation by scavenging 
highly toxic lipid peroxy radical. In the present study, decline in the level of 
antioxidant enzymes like, CAT, GPx and SOD observed in control group is a clear 
manifestation of excessive formation of free radicals. Pretreatment with FS-II 
increased the decreased levels of GPx and catalase. The observed increase of SOD 
activity suggests that the FS-II has an efficient protective mechanism in response to 
ROS. And also, these findings indicate that FS-II may be associated with decreased 
oxidative stress and free radical-mediated tissue damage (Sambath Kumar et al., 
2010). 
 
5.9 ACUTE TOXICITY 
 
In the present study, acute toxicity test was done to find out if there are any adverse 
effects of the administration of the FS-II of C. quadrangularis on some observable 
and hematological parameters. Changes in body weight have been used as an 
indicator of adverse effects of drugs and chemicals (Hilaly et al., 2004; Mukinda and 
Eagles, 2010). Since, no significant changes were observed in the general behaviour, 
body weight and food intake of rats in the treated groups as compared to the control 
group at the end of the experiment period i.e. after 14 days. It is suggested that at the 
acute oral doses administered, FS-II had no effect on the normal growth of rats. 
 
An increase in organ-body weight ratio is an indication of inflammation while a 
decrease may be due to cell constriction (Moore and Dalley, 1999; Adebayo et al., 
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2010). In acute toxicity study in male rats at higher dose, kidney weight increased 
while in female rats at higher dose, kidney weight decreased significantly. The weight 
of adrenal in acute toxicity study increased in female rats at all dose levels while the 
weight of adrenal in acute toxicity study decreased in male rats at 400 mg/kg dose 
level and weight of heart decreased in male rats at lower dose level; but this was not 
associated with morphological changes and no evidence of toxicity was found. The 
absence of significant effect on the liver, spleen, lungs, thymus, testis and uterus ratio 
of the animals is an indication that the extract did not adversely affect the size of these 
organs in relation to the weight of the animals. 
 
In the acute toxicity study in male rats at 200 and 800 mg/kg dose haemoglobin level 
decreased. This is in agreement to the result obtained by Lina et al. (2006) who 
opined that accumulation of PUFAs in the red blood cell membrane increase lipid 
peroxidation and subsequently RBC senescence. In humans it has been reported that 
n-6 rich safflower oil increased the susceptibility of erythrocytes to oxidative damage 
by free radical generation (Mills et al., 1995). The percentage of HCT in acute 
toxicity study decreased in male rats at lower dose level while the percentage of HCT 
in acute toxicity study increased in female rats at 400 and 800 mg/kg dose levels.   
 
The MCHC and MCH relate to individual red blood cells while Hb, RBC and PCV 
are associated with the total population of red blood cells (Adebayo et al., 2010). In 
female rats, the MCHC level significantly increased at 400 and 800 mg/kg dose 
levels, while MCHC level significantly decreased at 400 and 800 mg/kg dose levels, 
the PDW, MPV and P-LCR level significantly increased at 400 mg/kg dose level. 
However, this was not considered to be adverse or related to exposure to the FS-II 
because similar differences were not observed in male rats. 
 
In female rats, FS-II treatment caused some changes in the white blood cells. An 
increase in neutrophils count is associated with acute insult to the body whether in the 
form of infection or not. Use of drugs such as corticosteroids, histamine and 
epinephrine are known to cause an increase in neutrophils count (Sacher and 
McPherson, 1991; Oluwakanyinsola et al., 2010). It is likely that the FS-II produced 
an effect similar to any of the above drugs. 
 
 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 151 
 
5.10 REFERENCES 
 
Adebayo HA, Abolaji AO, Opata TK and Adegbenro IK (2010). Effects of ethanolic 
leaf extract of Chrysophyllum albidum G. on biochemical and haematological 
parameters of albino Wistar rats. African Journal of Biotechnology 9:2145-2150. 
 
Alanon ME, Castro-Vazquez L, Diaz-Maroto MC, Hermosin-Gutierrez I, Gordon MH 
and Perez-Coello MS (2011). Antioxidant capacity and phenolic composition of 
different woods used in cooperage. Food Chemistry 129:1584-1590. 
 
Arakawa H, Kodama H, Matsuoka N and Yamaguchi I (1997). Stress increases 
plasma enzyme activity in rats: differential effects of adrenergic and cholinergic 
blockades. The Journal of Pharmacology and Experimental Therapeutics 280:1296-
1303. 
 
Aruoma OI (2003). Methodological considerations for characterizing potential 
antioxidant actions of bioactive components in plant foods. Mutation 
Research/Fundamental and Molecular Mechanisms of Mutagenesis 523-524:9-20. 
 
Babykutty S, Padikkala J, Sathiadevan PP, Vijayakurup V, Azis TKA, Srinivas P and 
Gopala S (2009). Apoptosis induction of Centella asiatica on human breast cancer 
cells. African Journal of Traditional, Complementary and Alternative Medicines 6:9-
16. 
 
Bapodara M, Nagani K and Chanda S (2011). Pharmacognostic and physicochemical 
study of Punica granatum L. leaf. Pharmacognosy Journal 3:29-32. 
 
Bhattacharya S and Zaman MK (2009). Pharmacognostical evaluation of 
Zanthoxylum nitidum root. Pharmacognosy Journal 1:15-21. 
 
Biglari F, AlKarkhi AFM and Easa AM (2008). Antioxidant activity and phenolic 
content of various date palm (Phoenix dactylifera) fruits from Iran. Food Chemistry 
107:1636-1641. 
 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 152 
 
Bonham M, Arnold H, Montgomery B and Nelson PS (2002) Molecular effects of the 
herbal compound PC-SPES: identification of activity pathways in prostate carcinoma. 
Cancer Research 62:3920-3924. 
 
Bouaziz M, Grayer RJ, Simmonds MSJ, Damak M and Sayadi S (2005). 
Identification and antioxidant potential of flavonoids and low molecular weight 
phenols in olive cultivar chemlali growing in Tunisia. Journal of Agriculture and 
Food Chemistry. 53:236-241. 
 
Brattin WJ, Glende Jr EA and Recknagel RO (1985). Pathological mechanisms in 
carbon tetrachloride hepatotoxicity. Journal of Free Radicals in Biology and Medicine 
1:27-38. 
 
Chanda S and Dave R (2009). In vitro models for antioxidant activity evaluation and 
some medicinal plants possessing antioxidant properties: An overview. African 
Journal of Microbiology Research 3:981-996. 
 
Chanda SV and Nagani KV (2010). Antioxidant capacity of Manilkara zapota L. 
leaves extracts evaluated by four in vitro methods. Nature and Science 8:260-266. 
 
Chanda SV and Kaneria MJ (2012). Optimization of conditions for the extraction of 
antioxidants from leaves of Syzygium cumini L. using different solvents. Food 
Analytical Methods 5:332-338. 
 
Chanda S, Nagani K and Parekh J (2010). Assessment of quality of Manilkara 
hexandra (Roxb.) Dubard leaf (Sapotaceae): Pharmacognostical and physicochemical 
profile. Pharmacognosy Journal 2:520-524. 
 
Dave R, Nagani K and Chanda S (2010). Pharmacognostic studies and 
physicochemical properties of the Polyalthia longifolia var. pendula leaf. 
Pharmacognosy Journal 2:572-576. 
 
Diplock AT (1997). Will the ‘good fairies’ please prove to us that vitamin E lessens 
human degenerative disease? Free Radical Research 27:511-532. 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 153 
 
Dongre SH., Badami S and Godavarthi A (2008). Antitumor activity of Hypericum 
hookerianum against DLA induced tumor in mice and its possible mechanism of 
action. Phytotherapy Research 22:23-29. 
 
Elmastas M, Gulcin I, Beydemir S, Kufrevioglu OI and Aboul-Enein HY (2006). A  
study on the in vitro antioxidant activity of juniper (Juniperus communis L.) fruit 
extracts. Analytical Letters 39:47-65. 
 
Gordon MH (1990). The mechanism of antioxidant action in vitro. In: Hudson, B.J.F. 
(Ed.), Food Antioxidants. Elsevier Applied Science, London, 1-18. 
 
Gupta PC, Sharma N and Rao CV (2012). Pharmacognostic studies of the leaves and 
stem of Careya arborea Roxb. Asian Pacific Journal of Tropical Biomedicine 2:404-
408. 
 
Hilaly JE, Israili ZH and Lyoussi B (2004). Acute and chronic toxicological studies of 
Ajugaiva in experimental animals. Journal of Ethnopharmacology 91:43-50. 
 
Jain A, Soni M, Deb L, Jain A, Rout SP, Gupta VB and Krishna KL (2008). 
Antioxidant and hepatoprotective activity of ethanolic and aqueous extracts of 
Momordica dioica Roxb. leaves. Journal of Ethnopharmacology 115:61-66. 
 
Jain R and Jain SK (2011). Screening of in vitro cytotoxic activity of some medicinal 
plants used traditionally to treat cancer in Chhattisgarh state, India. Asian Pacific 
Journal of Tropical Biomedicine 2:S147-S150.  
 
Jiang M, Yan H, Wen Y and Li X (2011). In vitro and in vivo studies of antioxidant 
activities of flavonoids from Adiantum capillus-veneris L. African Journal of 
Pharmacy and Pharmacology 5:2079-2085. 
 
Kakoti BB, Selvan VT, Gupta PS and Mazunder UK (2007). In vivo and in vitro 
antioxidant properties of methanol extract of Streblus asper Lour. Pharmacology 
Online 3:15-38. 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 154 
 
Kaneria M and Chanda S (2011). Phytochemical and pharmacognostic evaluation of 
leaves of Psidium guajava L. (Myrtaceae). Pharmacognosy Journal 3:41-45. 
 
Kaneria MJ, Bapodara MB and Chanda SV (2012). Effect of extraction techniques 
and solvents on antioxidant activity of Pomegranate (Punica granatum L.) leaf and 
stem. Food Analytical Methods 5:396-404. 
 
Kokate CK, Purohit AP and Gokhale SB (2006). Pharmacognosy, Nirali Prakashan, 
Pune, India, Edition 34. 
 
Kumar D, Gupta J, Kumar S, Arya R, Kumar T and Gupta A (2012). 
Pharmacognostic evaluation of Cayratia trifolia (Linn.) leaf. Asian Pacific Journal of 
Tropical Biomedicine 2:6-10. 
 
Kurata M, Suzuki M and Agar NS (1993). Antioxidant systems and erythrocyte life-
span in mammals. Comparative Biochemistry and Physiology 106:477-487. 
 
Lee J, Hwang W and Lim S (2004). Antioxidant and anticancer activities of organic 
extracts from Platycodon grandiflorum A. De Candolle roots. Journal of 
Ethnopharmacology 93:409-415. 
 
Lina BAR, Wolterbeek APM, Suwa Y, Fujikawa S, Ishikura Y, Tsuda S and 
Dohnalek M (2006). Sub chronic (13 week) oral toxicity study, preceded by an in 
utero exposure phase with arachidonate-enriched triglyceride oil (SUNTGA40S) in 
rats. Food and Chemical Toxicology 44:326-335. 
 
Locatelli M, Travaglia F, Coisson JD, Martelli A, Stevigny C and Arlorio M (2010). 
Total antioxidant activity of hazelnut skin (Nocciola Piemonte PGI): Impact of 
different roasting conditions. Food Chemistry 119:1647-1655. 
 
Loo AY, Jain K and Darah I (2008).  Antioxidant activity of compounds isolated from 
the pyroligneous acid, Rhizophora apiculata.  Food Chemistry 107:1151-1160. 
 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 155 
 
MacDonald-Wicks LK, Wood LG and Garg ML (2006). Methodology for the 
determination of biological antioxidant capacity in vitro: a review. Journal of Science 
of Food and Agriculture 86:2046-2056. 
 
Manikandan A and Doss DVA (2010). Evaluation of biochemical contents, nutritional 
value, trace elements, SDS-PAGE and HPTLC profiling in the leaves of Ruellia 
tuberosa L. and Dipteracanthus patulus (Jacq.). Journal of Chemical and 
Pharmaceutical Research 2:295-303. 
 
Manjamalai A, Narala Y, Haridas A and Grace VMB (2011). Antifungal, 
antiinflammatory and GC-MS analysis of methanolic extract of plectranthus 
amboinicus leaf. International Journal of Current Pharmaceutical Research 3:129-136. 
 
Mbaebie BO, Edeoga HO and Afolayan AJ (2012). Phytochemical analysis and 
antioxidants activities of aqueous stem bark extract of Schotia latifolia Jacq. Asian 
Pacific Journal of Tropical Biomedicine 2:118-124. 
 
Miliauskas G, Venskutonis PR and Van Beek TA (2004). Screening of radical 
scavenging activity of some medicinal and aromatic plant extracts. Food Chemistry 
85:231-237. 
 
Mills DE, Murthy M and Galey WR (1995). Dietary fatty acids, membrane transport, 
and oxidative sensitivity in human erythrocytes. Lipids 30:657-663. 
 
Mishra SB, Mukerjee A and Vijayakumar M (2010). Pharmacognostical and 
phytochemical evaluation of leaves extract of Jatropha curcas Linn. Pharmacognosy 
Journal 2:9-14.   
 
Mondal Sk, Chakraborty G, Gupta M and Mazumder UK (2005). Hepatoprotective 
activity of Diospyros malabarica bark in CCl4 intoxicated rats. European Bulletin of 
Drug Research 13:25-30. 
 
Moon J and Shibamoto T (2009). Antioxidant assays for plant and food components. 
Journal of Agriculture and Food Chemistry 57:1655-1666. 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 156 
 
Moore KL and Dalley AF (1999). Clinical Oriented Anatomy (4
th
 Ed.). Lippincot 
Williams and Williams; a Woller Klumner Corporation, Philadelphia. 263-271. 
 
Mukinda JT and Eagles PFK (2010). Acute and sub-chronic oral toxicity profiles of 
the aqueous extract of Polygala fruticosa in female mice and rats. Journal of 
Ethnopharmacology 128:236-240. 
 
Nagani K, Kaneria M and Chanda S (2012). Pharmacognostic studies on the leaves of 
Manilkara zapota L. (Sapotaceae). Pharmacognosy Journal 4:38-41.  
 
Nagani KV, Kevalia J and Chanda SV (2011). Pharmacognostical and phytochemical 
evaluation of stem of Cissus quadrangularis L. International Journal of 
Pharmaceutical Sciences and Research 2:2856-2862. 
 
Nencini C, Menchiari A, Franchi GG and Micheli L (2011). In vitro antioxidant 
activity of aged extracts of some Italian Allium species. Plant Foods for Human 
Nutrition 66:11-16. 
 
Oluwakanyinsola SA, Adeniyi TY, Akingbasote JA and Florence OE (2010). Acute 
and subacute toxicity study of ethanolic extract of the stem bark of Faidherbia albida 
(DEL) A. chev (Mimosoidae) in rats. African Journal of Biotechnology 9:1218-1224. 
 
Pozharitskaya ON, Kosman VM, Shikov AN, Demchenko DV, Eschenko AY and 
Makarov VG (2007).  Comparison between HPLC and HPTLC densitometry for the 
determination of icariin from Epimedium koreanum extracts. Journal of Separation 
Sciences 30:708-712. 
 
Rajkumar V, Guha G and Kumar RA (2011). Antioxidant and anti-neoplastic 
activities of Picrorhiza kurroa extracts. Food and Chemical Toxicology 49:363-369.  
 
Rakholiya K, Kaneria M and Chanda S (2011). Vegetable and fruit peels as a novel 
source of antioxidants. Journal of Medicinal Plants Research 5:63-71. 
 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 157 
 
Rao GV, Annamalai T, Mukhopadhyay T and Madhavi MSL (2011). Chemical 
constituents and melanin promotion activity of Cissus quadranglaris Linn. Research 
Journal of Chemical Sciences 1:25-29.  
 
Rivas-Arreola MJ, Rocha-Guzman NE, Gallegos-Infante JA, Gonzalez-Laredo RF, 
Rosales-Castro M, Bacon JR, Cao R, Proulx A and Intriago-Ortega P (2010). 
Antioxidant activity of oak (Quercus) leaves infusions against free radicals and their 
cardioprotective potential. Pakistan Journal of Biological Sciences 13:537-545. 
 
Sacher RA and McPherson RA (1991). Widmann’s Clinical interpretation of 
laboratory tests. 10
th
 Ed. Philadelphia: F. A. Davis, 1-6. 
 
Sajeesh T, Arunachalam K and Parimelazhagan T (2011). Antioxidant and antipyretic 
studies on Pothos scandens L. Asian Pacific Journal of Tropical Medicine 4:889-899. 
 
Sajeeth CI, Manna PK, Manavalan R and Jolly CI (2010). Quantitative estimation of 
gallic acid, rutin and quercetin in certain herbal plants by HPTLC method. Der 
Chimica Sinica 1:80-85.  
 
Sambath Kumar R, Asok Kumar K and Murthy NV (2010). Hepatoprotective and 
antioxidant effects of Caesalpinia bonducella on carbon tetrachloride-induced liver 
injury in rats. International Research Journal of Plant Science 1:62-68.  
 
Sathesh Kumar S, Ravi Kumar B and Mohan GK (2009). Hepatoprotective effect of 
Trichosanthes cucumerina Var cucumerina L. on carbon tetrachloride induced liver 
damage in rats. Journal of Ethnopharmacology 123:347-350.  
 
Schlesier K, Harwat M, Bohm V and Bitsch R (2002). Assessment of antioxidant 
activity by using different in vitro methods. Free Radical Research 36:177-187. 
 
Serbetci T, Ozsoy N, Demirci B, Can A, Kultur S and Baser KHC (2012). Chemical 
composition of the essential oil and antioxidant activity of methanolic extracts from 
fruits and flowers of Hypericum lydium Boiss. Industrial Crops and Products 36:599-
606. 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 158 
 
Shah R, Shah R and Chanda S (2011). Pharmacognostical and preliminary 
phytochemical investigation of Tephrosia purpurea (Linn.) Pers. root from Gujarat 
region. International Journal of Pharmaceutical Research 3:49-52.  
 
Singal PK and Iliskovic N (1998). Doxorubicin-induced cardiomyopathy. The New 
England Journal of Medicine 339:900-905. 
 
Souza MF, Rao VSN and Silveira ER (1997). Inhibition of lipid peroxidation by 
ternatin, a tetramethoxyflavone from Egletes viscosa L. Phytomedicine 4:27-31. 
 
Stratil P, Klejdus B and Kuban V (2006). Determination of total content of phenolic 
compounds and their antioxidant activity in vegetables-evaluation of 
spectrophotometric methods. Journal of Agriculture and Food Chemistry 54:607-616. 
 
Sulaiman SF, Yusoff NAM, Eldeen IM, Seow EM, Sajak AAB, Supriatno and Ooi 
KL (2011). Correlation between total phenolic and mineral contents with antioxidant 
activity of eight Malaysian bananas (Musa sp.). Journal of Food Composition and 
Analysis 24:1-10. 
 
Suresh kumar SV and Mishra SH (2006). Hepatoprotective effect of extracts from 
Pergularia daemia Forsk. Journal of Ethnopharmacology 107:164-168.  
 
Tanaka M, Kuei CW, Nagashima Y and Taguchi T (1988). Application of 
antioxidative Maillrad reaction products from histidine and glucose to sardine 
products. Bulletin of the Japanese Society of Scientific Fisheries 54:1409-1414. 
 
Tandon R, Khanna HD, Dorababu M and Goel RK (2004). Oxidative stress and 
antioxidants status in peptic ulcer and gastric carcinoma. Indian Journal of Physiology 
and Pharmacology 48:115-118. 
 
Tanna A, Nair R and Chanda S (2009). Assessment of anti-inflammatory and 
hepatoprotective potency of Polyalthia longifolia var. pendula leaf in Wistar albino 
rats. Journal of Natural Medicine 63:80-85. 
 
Chapter 5: Discussion 
 
Ph. D. Thesis  Page 159 
 
Thakur A, Jain V, Hingorani L and Laddha KS (2009). Phytochemical studies on 
Cissus quadrangularis Linn. Pharmacognosy Research 1:213-215. 
 
Wickens AP (2001). Aging and the free radical theory. Respiration Physiology 
128:379-391. 
 
Wojdylo A, Oszmianski J and Czemerys R (2007). Antioxidant activity and phenolic 
compounds in 32 selected herbs. Food Chemistry 105:940-949. 
 
Wu C, Lin W, Hseu Y, Lien J, Lin Y, Kuo T and Ching H (2011). Evaluation of the 
antioxidant activity of five endemic Ligustrum species leaves from Taiwan flora in 
vitro. Food Chemistry 127:564-571.  
 
Xu W, Zhang F, Luo Y, Ma L, Kou X and Huang K (2009). Antioxidant activity of a 
water-soluble polysaccharide purified from Pteridium aquilinum. Carbohydrate 
Research 344:217-222. 
 
Yan F, Zhang QY, Jiao L, Han T, Zhang H, Qin LP and Khalid R (2009). Synergistic 
hepatoprotective effect of Schisandrae lignans with Astragalus polysaccharides on 
chronic liver injury in rats. Phytomedicine16:805-813. 
 
Yu L, Haley S, Perret J, Harris M, Wilson J and Qian M (2002). Free radical 
scavenging properties of wheat extracts. Journal of Agricultural and Food Chemistry 
50:1619-1624. 
 
Zhao M, Yang B, Wang J, Li B and Jiang Y (2006). Identification of the major 
flavonoids from pericarp tissues of lychee fruit in relation to their antioxidant 
activities. Food Chemistry 98:539-544. 
 
Zhou D, Ruan J, Cai Y, Xiong Z, Fu W and Wei A (2010). Antioxidant and 
hepatoprotective activity of ethanol extract of Arachniodes exilis (Hance) Ching. 
Journal of Ethnopharmacology 129:232-237. 
 
d 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 6 
 
CONCLUSIONS 
 
 
P H . D .  T H E S I S ,  D E P A R T M E N T  O F  B I O S C I E N C E S ,  S A U R A S H T R A  U N I V E R S I T Y ,  
R A J K O T   
CHAPTER 6: CONCLUSIONS 
 
 
Ph. D. Thesis  Page 160 
 
Cissus quadrangularis Linn. belongs to the family Vitaceae, an edible plant found in 
India. It is commonly known as “bone setter. The stems of Cissus quadrangularis are 
reported to have great medicinal value. Considering above, in the present work 
antioxidant, anticancer and toxicity study was evaluated. 
 
In pharmacognostic study, Cissus quadrangularis stem showed the presence of 
acicular, rosettes and cluster of calcium oxalate crystals; and actinocytic stomata, 
mucilage glands and starch grains. In physicochemical analysis, the highest extractive 
value was obtained from water and methanol extract. The extract was maximum 
soluble in polar solvents like DMF, methanol and water; and was acidic in nature. In 
qualitative phytochemical analysis, cardiac glycosides and alkaloids were present in 
higher amount, while tannins and phlobatanins were totally absent. The quantitative 
phytochemical investigation gave valuable information about the different 
phytoconstituents present in the powder extract, which helps the future investigators 
regarding the selection of the particular extract for further research in isolation of new 
active compounds. The total phenol content was higher than flavonoid content. Such 
Pharmacognostic study serves important criteria in standardization of the Cissus 
quadrangularis stem, ensuring quality formulations. 
  
In in vitro antioxidant studies, the antioxidant activity (DPPH free radical, hydroxyl 
radical, ABTS radical cation scavenging activity and FRAP) of FS-II was better than 
that of ME and FS-I. FS-II showed best ABTS radical scavenging activity followed 
by hydroxyl radical scavenging activity, DPPH free radical scavenging activity; while 
ME and its fractions could not scavenge SO free radical at all. There was a direct 
correlation between total phenol content and antioxidant activity. 
 
In spectral analysis, total 29 compounds were identified by GCMS analysis of ME 
and its fractions. GC-MS detection has found a variety of analytical uses, which 
performs quality control analysis in both the pharmaceutical and food product 
industries. HPTLC analysis has revealed that the ME and its fractions (FS-I and FS-II) 
have 21, 24 and 17 peaks respectively in chromatogram. The HPTLC technique is 
helpful to compare profiles of the crude plant extracts prepared using various solvents 
for the maximum extraction of the desired metabolites in selected solvents. The 
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spectral analysis will help the manufacturer for quality control and standardization of 
herbal formulations.  
 
In anticancer studies, ME showed potent proliferation inhibitory activity against 
human lung adenocarcinoma epithelial cell line (A549) and human cervical carcinoma 
cell line (HeLa). This is the first report on the anticancer properties of C. 
quadrangularis. The ME showed good anticancer activity against A549 cell line than 
the HeLa cell line. 
 
In vivo antioxidant activity revealed that FS-II of C. quadrangularis protects oxidative 
injury induced by CCl4 and water immersion stress. In CCl4 and water immersion 
stress models, the serum biochemical parameters and liver antioxidants were altered 
when animals were intoxicated with CCl4 and water stress. The treatment with FS-II 
restored the level of serum biochemical parameters as well as liver antioxidants in 
both the experimental models. Thus, it can be stated that C. quadrangularis can be a 
good source of natural antioxidants. 
 
In acute toxicity study, the FS-II had no mortality and observable acute toxic effect 
during the entire period in male and female rats dosed up to 800 mg/kg b.w. orally. 
Detailed experimental analysis on sub acute and chronic toxicity is essential for 
further support of this drug. 
 
These studies have shown that the ME of C. quadrangularis and its fractions contain 
some active ingredients with the potential of being good antioxidant and anticancer 
agents. Further work should be carried out on the characterization of specific 
antioxidant and anticancer components of C. quadrangularis and evaluation of their 
therapeutic significance in prevention of diseases induced by oxidative stress.   
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The World Health Organization (WHO) has estimated that 80 % of the earth’s 
inhabitants rely on traditional medicine for their primary health care needs, and most 
of this therapy involves the use of plant extracts and their active components. The 
medicinal plants, which form the backbone of traditional medicine, have in the last 
few decades been the subject for very intense pharmacological studies. This has been 
brought about by the acknowledgement of the value of medicinal plants as potential 
source of new compounds of therapeutics value and also sources of lead compounds 
in the drug development. Today we have a number of drugs useful, life saving and 
also drugs which can provide immediate therapeutic benefit. For the past two decades 
there has been an increasing interest in the investigation of different extracts, obtained 
from traditional medicinal plants, as potential source of new antioxidative agents. 
 
Antioxidants have been defined as compounds that protect biological systems against 
the potentially harmful effects of processes or reaction that can cause excessive 
oxidation. Our body is rich in endogenous antioxidants, the substances that have the 
ability to stop free radicals formation or to limit the damage they cause. Generally, 
most of the free radicals generated from metabolism are scavenged by endogenous 
defense system such as catalase, superoxide dismutase and peroxidase-glutathione 
system. However, in many cases such as in unhealthy physical condition, ageing, or 
under stress environments, the endogenous antioxidants are either exhausted or 
insufficient to scavenge these radicals generated which result in diseases associated 
with oxidative stress and damage. Highly reactive free radicals which are formed by 
exogenous chemicals, stress or in the food system, are capable of oxidising 
biomolecules, resulting in cancer, coronary heart disease, hypertension, etc. Cancer is 
a group of diseases characterized by uncontrolled growth and spread of abnormal 
cells. Cancer is a major public health problem worldwide with millions of new cancer 
patients diagnosed each year and many deaths resulting from this disease.  
 
Nowadays, a great deal of effort is being expended to find effective antioxidants for 
the treatment or prevention of free radical-mediated deleterious effects. Plants are 
important sources of biologically active natural products, which differ widely in terms 
of structure. They are the original source of a variety of compounds used by the 
pharmaceutical industry as medicines. Much research has been done and is being 
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done on plants in popular use, with the objective of identifying natural products with 
therapeutic potential. Also, medicinal plants are candidates for chemoprevention of 
cancer, because they may possess chemopreventive agents with inhibitory effects on 
the initiation, promotion, and progression of carcinogenesis. For these reasons, plants 
have always been an important source of drugs and interest in the use of natural 
antioxidants has increased. 
 
Cissus quadrangularis Linn. belongs to the family Vitaceae, an edible plant found in 
India, Sri Lanka, Malaya, Java, West Africa and Thailand. It is commonly known as 
“bone setter”; the plant is referred to as “Asthisamdhani” in Sanskrit and “Hadjod” in 
Hindi because of its ability to join bones. The plant has been documented in 
Ayurveda, an alternative system of medicine in India, for its medicinal uses in gout, 
syphilis, venereal diseases, piles, tumors, hemorrhoids peptic ulcers and leucorrhoea. 
The stem juice of the plant is used to treat scurvy and irregular menstruation, 
otorrhoea and epistaxis. The roots and stem are useful in healing of fractures of the 
bones.  
 
The fresh stem of Cissus quadrangularis L. was collected from Jamnagar, Gujarat, in 
August 2009. The plant was compared with voucher specimen (No. PSN127) 
deposited at Department of Biosciences, Saurashtra University, Rajkot, Gujarat, India.  
The stem was washed thoroughly with tap water, shade dried, homogenized to fine 
powder and stored in airtight bottles. The fresh and mature stem was used for 
pharmacognostic study. The dried powder was extracted in methanol in Soxhlet 
apparatus. The methanol extract (ME) was fractionated in to two fractions (FS-I and 
FS-II) by solvent-solvent partitioning method.  
 
The main diagnostic microscopic features of Cissus quadrangularis L. were 4-angled 
stem, the presence of quadrangular stem with winged corners and the internodes on 
four sides are invaded or depressed deeply in the middle and the corners are exerted 
with sharp reddish brown to black colored margins, 3-4 cm long. The T.S of the stem 
showed single layer epidermis followed by hypodermis; narrow cortex and centrally 
located large pith occupying almost 2/3
rd
  region of the section, surrounded by 
numerous, small, discontinuous band of vascular bundles and presence of three types 
of crystals such as rosettes, clusters and bundles of acicular. The dried powder of 
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Cissus quadrangularis stem was green in color with faint odor. Microscopic 
observation of dried powder showed the presence of plenty of cluster, rosette and 
acicular crystals of calcium oxalate scattered as such throughout or embedded in 
parenchymatous cells, simple and compound starch grains, anisocytic stomata, 
annular, reticulate and boarded pitted thickening vessels.  
 
The result of physicochemical analysis showed 9.5 % loss on drying. It contained 
19.41 % total ash, 17.0 % acid insoluble ash and 14.16 % water soluble ash. The 
extractive value of crude powder was maximum in water (19.18 %), followed by 
methanol (7.81 %). The extract was acidic in nature and maximum solubility was in 
DMF, distilled water and methanol. 
 
The qualitative phytochemical analysis of crude powder and ME revealed the 
presence of secondary metabolites like alkaloids, cardiac glycosides, steroids and 
triterpenes. The ME was rich in alkaloids (Wagner test) while crude powder was rich 
in cardiac glycosides. Quantitatively estimated total phenol content was higher than 
that of flavonoid content in ME and its fractions. Maximum total phenol and 
Flavonoid content was in FS-II.   
 
In vitro antioxidant activity of the ME of C. quadrangularis and its fractions was 
carried out by DPPH free radical scavenging activity, superoxide anion radical 
scavenging activity, ABTS radical cation scavenging activity, hydroxyl radical 
scavenging activity, ferric reducing antioxidant power and reducing capacity 
assessment. The IC50 value of FS-II was 830, 100, and 475 µg/ml in DPPH free 
radical scavenging activity, ABTS radical cation scavenging activity and hydroxyl 
radical scavenging activity respectively. The scavenging capacity of the ABTS radical 
by  ME and its fractions was found to be much higher than that of DPPH free radical 
scavenging activity and hydroxyl radical scavenging activity. FS-II had higher FRAP 
values as compared to ME and FS-I. The ME and its fractions showed very poor reducing 
capacity and superoxide anion radical scavenging activity. There was a direct 
correlation between total phenol content and antioxidant activity in most of the 
antioxidant assays. 
 
Chapter 7: Summary 
 
Ph. D. Thesis Page 165 
 
In spectral analysis, total 29 compounds were identified by GCMS analysis of ME 
and its fractions. GC-MS data  showed the highest presence of saturated and 
unsaturated fatty acids like, hexadecanoic acid (CAS) palmitic acid, octadecanoic acid 
(CAS) stearic acid, 9,12-octadecadienoic acid (Z,Z)-(CAS) linoleic acid, 2-
Hexadecenoic acid, methyl ester 7,10-octadecadienoic acid methyl ester, linoleic acid, 
butyl ester and 9,12-Octadecadienoic acid (Z,Z)-,2,3-dihydroxypropyl ester in ME 
and its fractions of Cissus quadrangularis L. Out of 29 compounds present in ME and 
its fractions some of the compounds are reported earlier and it is quite appreciable that 
some we are reporting for the first time. HPTLC analysis has revealed that ME and its 
fractions (FS-I and FS-II) had 21, 24 and 17 peaks respectively in chromatogram. The 
HPTLC technique is helpful to compare profiles of the crude plant extracts prepared 
using various solvents for the maximum extraction of the desired metabolites in 
selected solvents. The spectral analysis will help the manufacturer for quality control 
and standardization of herbal formulations.  
 
In anticancer studies, ME showed dose dependent inhibition of cell proliferation in 
lung adenocarcinoma epithelial cancer cells (A549) and cervical carcinoma cancer 
cells (HeLa); it showed a concentration dependent decrease in cell viability on 
treatment with different concentrations of ME extract. However, in FS-I and FS-II, a 
concentration dependent decrease in cell viability was not observed. A lower IC50 
value of ME was observed which may be due to the synergistic action of both 
cytotoxic and cytoprotective components present in the extract. This is the first report 
on the anticancer properties of C. quadrangularis. 
 
In vivo antioxidant activity was studied by 2 models, viz. CCl4 induced stress model 
and water immersion stress model. Treatment rats were dosed by oral gavage with FS-
II of C. quadrangularis suspended in 5 % Tween-80 with dosages of 150 and 300 
mg/kg body weight in both the models. In both the models, various biochemical 
parameters were evaluated in serum and antioxidant parameters from liver 
homogenate. 
 
Treatment with FS-II for 5 days in CCl4 induced stress model and 7 days in water 
immersion stress model revealed that the FS-II of C. quadrangularis decreased the 
serum biochemical enzymes such as ALP, SGPT and SGOT, increased hepatic 
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enzymes activities such as catalase, GPx and SOD. The administration of CCl4 and 
induced water stress to the animals caused the alteration in serum biochemical 
parameters and liver antioxidants as compared to the normal control group. Treatment 
with FS-II restored the serum biochemical parameters and liver antioxidants towards 
normalization.  
 
Acute toxicity test was done to find out if there are any adverse effects of the 
administration of the FS-II of C. quadrangularis on some observable and 
hematological parameters. There were no significant changes observed in the general 
behaviour, body weight and food intake of rats in the treated groups as compared to 
the control group at the end of the experiment period, in male and female rats dosed 
up to 800 mg/kg b.w. orally. It is suggested that at the acute oral doses administered, 
FS-II had no effect on the normal growth of rats. 
 
Overall, it can be concluded that FS-II of C. quadrangularis L. is safe at a single dose 
and it can be used as a natural source of antioxidants which can be used in the 
prevention of diseases caused by free radicals. ME of C. quadrangularis L. has the 
potential to be developed into chemopreventive or anti-carcinogenic agent. Further 
studies are needed to isolate and characterize the active compounds that are 
responsible for the antioxidant and anticancer activities. 
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